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Summary
W ith  t h e  i n t e n t i o n  o f  p r e p a r in g  lo n g  c h a in  e s t e r s  c o n ­
t a i n i n g  a c a r b o c y c l i c  sy s te m , m e th y l l i n o l e a t e  and  r e l a t e d  
e s t e r s  w ere  s u b je c te d  to  s t r o n g l y  a c i d i c  r e a c t i o n  c o n d i t i o n s .  
The m a jo r p ro d u c t  o f  t h e  r e a c t i o n ,  h o w ev er, was shown to  be 
a m ix tu re  o f  is o m e r ic  1 ,4 - e p o x id e s  ( t e t r a h y d r o f u r a n o ) and f o r  
c o m p a riso n , a m ix tu re  o f  t h e  c i s  and t r a n s  9*18*epox±des was 
p re p a re d  by an  unam biguous s y n t h e s i s .
The d is c o v e ry  o f  th o s e  h e t e r o c y c l i c  f a t t y  e s t e r s  
p rom pted  f u r t h e r  i n v e s t i g a t i o n s  i n t o  t h e i r  m ethods o f  p r e p ­
a r a t i o n ,  The c y c lo d e h y d r a t io n  o f  some t r lh y d r o x y a c id s  
c o n ta in in g  a 1 ,4 - d i o l  sy s tem  v/as exam ined and th e  m echanism  
o f  th e  r e a c t i o n  e l u c i d a t e d .  T h ese  s tu d i e s  l e d  to  th e  fo rm ­
u l a t i o n  o f  th e  a b s o lu te  c o n f ig u r a t io n s  o f  th e  9 , 1 2 , 1 3 - t r i -  
h y d r o x y s te a r ic  a c i d s .
M ethy l r i c i n o l e a t e  and m e th y l 9 -h y d ro x y o c ta d e c -c is * *l 2 -  
e n o a te  w ere found  to  g iv e  d i f f e r e n t  ty p o s  o f  p ro d u c t  when 
e p o x id i s e d .  The fo rm er y i e ld e d  th e  e x p e c te d  1 ,2-e p o x id e , 
w h i l s t  t h e  l a t t e r  f u r n i s h e d  a mi^rfcure o f  h y d r o x y te t r a h y d r o -  
fu r a n s  (90% ). S in c e  i t  was e v id e n t  t h a t  th e  sec o n d  r e a c t i o n  
in v o lv e d  p a r t i c i p a t i o n  by  th e  h y d r^X y l f u n c t io n ,  o th e r  e p o x -  
i d a t i o n  r e a c t i o n s  o f  v a r io u s  hydroicy , o3:o and a c u ty lo n ic  e s t e r s  
w ere i n v e s t i g a t e d .  The r e s u l t s  i n d i c a t e d  t h a t  oxo and
( i x )
h y d ro x y  f u n c t io n s  c a n  i n t e r a c t  w ith  a p re fo rm ed  e p o x id e  
t o  y i e l d  c y c l i c  p r o d u c t s .
F i n a l l y ,  v a r io u s  u n s u b s t i 'W te d  1 ,4 -o p o x id o s  w ore p r e ­
p a re d  by f r e e  r a d i c a l  o x id a t io n s  o f  some h y d r o x y o s to r s .  B o th  
lo a d  t e t r a a c e t a t e  and  m e ta l  o x id e -h a lo g e n  m ix tu re s  v/ore u sed  
a s  o x id i s in g  a g e n t s .
(x )
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NMR -  N u c le a r  m a g n e tic  re s o n a n c e
IR -  I n f r a - r e d
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MS -  M ass s p e c tro m e try
TLC -  T h in  l a y e r  ch ro m a to g rap h y  on s i l i c a  g e l  G
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im p re g n a te d  w ith  s i l v e r  n i t r a t e




N e ig h b o u r in g  g ro u p  p a r t i c i p a t i o n  i n  th e  r e a c t i o n s  o f  lo n g  c h a in
f a t t y  a c id s
A lth o u g h  th e  r e a c t i o n s  o f  lo n g  c h a in  f a t t y  a c id s  w hich
*  1 2 c o n ta in  o n ly  on© f u n c t io n a l  g ro u p  h av e  b e e n  w e l l  docum en ted , ^
th e  c h e m is try  o f  th e  p o ly f u n c t io n a l  a c id s  h a s  b e e n  i n v e s t i g a t e d  
l e s s  f u l l y .  I n  many o f  t h e  r e a c t i o n s  known, t h e  v a r io u s  a c t i v e  
c e n t r e s  i n  t h 0 compound a c t  in d e p e n d e n t ly  o f  e a c h  o t h e r  and th e  
m o le c u le  b e h a v e s  a s  t h e  sum o f  th e  s e p a r a te  u n i t s .  F o r 
e x am p le , h y d r o x y la t io n  o f  m e th y l o le a t©  le a d s  t o  a  d ih y d ro x y  
compound and  h y d r o x y la t io n  o f  m e th y l l i n o l e a t e  a f f o r d s  a  t e t r a -  
h y d roxy  com pound. I n  o t h e r  r e a c t i o n s ,  th e  p r e s e n c e  o f  one 
f u n c t io n a l  g ro u p  d o es  n o t  a f f e c t  th e  b e h a v io u r  o f  th e  o t h e r ,  an  
exam ple b e in g  th e  r e a c t i o n s  o f  t h e  d o u b le  bond o f  m e th y l r i c i n ­
o l e a t e  w hich  a r e  n o t  in f lu e n c e d  by th e  h y d ro2:y g ro u p  a t  0 (12) .
H ow ever, i t  i s  p o s s ib l e  t h a t  i n  some c a s e s ,  th e  r e a c t i v e  
c e n t r e s  may i n t e r a c t  w i th  one a n o th e r ,  l e a d in g  e i t h e r  t o  an  
in c r e a s e d  r a t e  o f  r e a c t i o n  o r  t o  th e  fo rm a tio n  o f  u n u s u a l 
p r o d u c t s .  Some ex am p les  o f  su ch  r e a c t i o n s  a r e  s e t  o u t  b e lo w .
R e a c t io n s  o f  th e  p e n ta - 1 ,4 - d i e n e  sy s tem  o f  m e th y l l i n o l e a t e .
31 . H y d ro g e n a tio n .
M ethy l l i n o l e a t e  i s  h y d ro g e n a te d  v e ry  much f a s t e r  th a n  
m e th y l o l e a t e ,  and  i t  i s  b e l i e v e d  t h a t  t h i s  i s  due to  th e  e a s e
-  2 -
W ith  w hich  th e  p e n ta - 1 ,4 - d i e n e  g ro u p  can  be iso m e r io e d  to  
c o n ju g a te d  s y s te m s . Such c o n ju g a te d  d io n e s  a r e  known t o  be
4m ore r a p i d ly  h y d ro g e n a te d  th a n  t h e i r  n o n -c o n ju g a te d  is o m e r s ,
2 .  A u to x id a t io n  and  r e l a t e d  r e a c t i o n s .
M ethy l l i n o l e a t e  i s  a u to x id i s e d  a t  l e a s t  20 t im e s  more 
q u ic k ly  th a n  m e th y l o l e a t e .  T h is  r e a c t i o n  i s  th o u g h t to  
p ro c e e d  by  i n i t i a l  h y d ro g e n  r a d i c a l  e x t r a c t i o n  from  a m e th y l­
en e  g ro u p  a d ja c e n t  t o  a d o u b le  bond  g iv in g  a  r e s o n a n c e - s ta b i l*  
i s e d  a l l y l i e  s y s te m :-
« •
"CH CH=CH- - , “CH-CH«CH- f — > -CH-CH-CH-
I t  i s  e v id e n t  t h a t ,  i n  th e  c a s e  o f  m e th y l l i n o l e a t e ,  
th e  m e th y le n e  g ro u p  a t  C ( l l )  i s  d o u b ly  a c t i v a t e d ,  b e in g  
a d ja c e n t  t o  two d o u b le  b o n d s , th u s  le a d in g  to  en h an ced  s t a b ­
i l i s a t i o n  o f  th e  r a d i c a l  i n t e r m e d ia te  and to  an  i n c r e a s e  i n  
r e a c t i o n  r a t e ; -
-CH=CHCH ^ CH“CH - --------------------------- -CH=CHCÏÎCH=CH -
•  »
^ -------- »  -CH=CHCH«CHCH- ^ -----™ >  -*CHCH=sCKCH«CH-
S im i la r  a rg u m e n ts  w ould a p p ly  t o  o th e r  r e a g e n ts  w h ich  
a t t a c k  a l l y l i e  m e th y le n e  g ro u p s  ( o .g .  N -b ro m o su o c in im id e )^ .
R e a c t io n s  o f  hyd roxym onoeno ic  e s t e r s .
1 .  M ethy l r i c i n o l e a t e .
S e v e r a l  r e a c t i o n s  o f  s u lp h o n a te  e s t e r s  o f  m e th y l r i c i n ­
o l e a t e  (an d  o f  i t s  t r a n s  iso m e r )  h av e  b een  shown r e c e n t l y
7 8t o  lo a d  t o  c y c lo p ro p a n e  e s t e r s .   ^ The s u lp h o n a to  e s t e r  (1 )  
decom poses to  g iv e  t h e  h o m o -a lly1 ca rb o n iu m  io n  (3 )  w hich  i s  
i n  e q u i l ib r iu m  w ith  th e  c y c lo p ro p y l  m eth y l c a t i o n  (3 );* -T + r\  ^ * +--CH .CHbCH > -CH _CH=CH - : = e  -CH- CH-CH-
/J Zi Ai
(1 )  (2 ) (3 )
I n  n o n - a c id ic  c o n d i t i o n s ,  t h e  c a t i o n  (3 )  i s  s t a b l e  and 
c y c lo p ro p a n e  e s t e r s  a r e  form ed i n  good y i e l d .  I n  a c id  s o l ­
u t i o n  how ever, p r o d u c ts  d e r iv e d  from  th e  ca rb o n iu m  io n  ( 2) 
a r e  o b ta in e d .
2 , M ethy l 9 -h y d ro x y o c ta d e c  - c i  s -12**onoate,
I n  many s im p le  r e a c t i o n s  o f  t h i s  e s t e r  i n  w hich  a
p o s i t i v e  c e n t r e  i s  g e n e r a te d  by a t t a c k  a t  th e  d o u b le  b o n d ,
t e t r a h y d r o f u r a n  d e r i v a t i v e s  a r e  fo rm ed . T h is  i s  duo to
s t o r i c  i n t e r a c t i o n  b e tw een  th e  p o s i t i v e  c e n t r e  and t h e  C ( q ) [
h y d ro x y l g ro u p  and o c c u r s  i n  b r o m in a t io n ,  e p o x id a t io n  and
9m e r c u ra t io n  r e a c t i o n s .  The c o r re s p o n d in g  r e a c t i o n s  o f  
m e th y l r i c i n o l e a t e  le a d  to  no abnorm al p ro d u c ts  a l th o u g h  th e  
d i f f e r e n c e s  b e tw een  th e  t r a n s  iso m e rs  i s  l o s s  m arked . T hese  
f a c t s  c a n  a l l  be  e x p la in e d  on  th e  b a s i s  o f  th e  sh a p e s  o f  th e  
d i f f e r e n t  m o le c u le s  w hich  may e i t h e r  en h an ce  o r  re d u c e  th e  
p o s s i b i l i t y  o f  su ch  s t e r i c  i n t e r a c t i o n .
w 4 —
X = Br'*’,H g '* '; o r  X'*' =  O .
R e a c t io n s  o f  o th e r  e s t e r s ,
1 , M eth y l v e r n o l a t e , ^ ^ '^ ^
In  1969 , C o n ach er and  G u n sto n e^^  showed t h a t  m e th y l 
v e r n o la t e  (4 )  was c o n v e r te d  t o  th e  o x o c y ô lo p ro p an e  e s t e r  (5 )  
by t r e a tm e n t  w i th  b o ro n  t r i f l u o r i d e  i n  b e n z e n e .
0 CH_
/ \  . / " V-C H -C H C irC H = C H - ^  -CO-CHjCH-CH-
(4 )  (5 )
The same w o rk e rs  p o s tu l a t e d  a m echanism  i n  w hich  th e
i n i t i a l l y  form ed h o m o -a l ly l  ca rb o n iu m  io n  ( 6) r e a r r a n g e d  t o
th e  c y c lo p ro p a n e  c a t i o n s  (6) and  ( 7) : -
<1 1% —» - I.CH CH BP O— -CH/  'N, 3 /(4 ) ( 6)
CH.
CH CH CH    CH
I ^  +1 < -------- 3BP3O — CI ^ BPgO— CH ^
(7) ( 8)
CHj— -CM
^  I t
O-JœC CH '^ ^
(5 )
5 -
T h is  t h e s i s  d e a l s  w ith  th e  r e a c t i o n s  o f  s e v e r a l  f a t t y  a c id s  
w h ich  c o n ta in  two o r  m ore f u n c t io n a l  g ro u p s , and  many o f  th e s e  
h av e  b een  shown t o  l e a d  t o  p r o d u c ts  whose fo rm a tio n  can  o n ly  
b e  e x p la in e d  on  th e  b a s i s  o f  n e ig h b o u r in g  g ro u p  p a r t i c i p a t i o n .
PART
ACID CATALYSED CYCLISATION REACTIONS OF METHYL LINOLEATE AND
RELATED ESTERS
"  (3 “
INTRODUCTION
A cid  c a t a ly s e d  o y o l i s a t i o n  r e a c t i o n s  o f  o l e f i a i o  a c i d s .
The c y c l i s a t i o n  o f  m ono'-ole f i n i e  a c id s  u n d e r  a c i d i c
c o n d i t i o n s  t o  g iv e  l a c to n e s  and  k e to n e s  h a s  b e en  e x t e n s iv e ly
12s tu d ie d  by A n s e l l  and  h i s  c o -w o rk e rs   ^ and th e  s u b je c t  was
13re v ie w e d  by A n s e l l  and  P alm er i n  19 6 4 , Such r e a c t i o n s  
o c c u r  i r r e s p e c t i v e  o f  t h e  r e l a t i v e  p o s i t i o n s  o f  d o u b le  bond 
and  c a rb o x y l  g ro u p , w hich  was d e m o n s tra te d  r e c e n t l y  by A n s e l l ,  
Emmett and Coombs^^, who shov/ed t h a t  th e  same m ix tu re  o f  
l a c to n e s  and  k e to n e s  c o u ld  b e  o b ta in e d  from  s e v e r a l  is o m e r ic  
h e x e n o ic  a c id s  u n d e r  s i m i l a r  r e a c t i o n  c o n d i t i o n s .  The 
r e a c t i o n  i s  th o u g h t t o  p ro c e e d  by i n i t i a l  d o u b le  bond  m ig r a t io n  
t o  th e  and A^ a lk e n o ic  a c id  ( 9 ) ,  w h ich  s u b s e q u e n t ly  c y c l i s e s  
t o  th e  l a c to n e  ( 10) o r  th e  k e to n e  (11) ,  d e p en d in g  on  th e  r e a c ­














The a n a lo g o u s  c o n v e r s io n  o f  o l e i c  a c id  t o  I S - s t e a r o la o to n e
(1 2 )h a s  boon  known f o r  some and S h o v /e ll, Sworn and
17N oble h av e  r e c e n t l y  made a  m ore co m p reh en siv e  s tu d y  o f  t h i s  
r e a c t i o n .
CO
(12)
They w ere  a b le  t o  i s o l a t e  from  an  in c o m p le te  r e a c t i o n ,
a  f r a c t i o n  ( " ^ 20%) c o n s i s t i n g  o f  o c ta d e c e n o ic  a c id s  i n  w hich
4 15th e  d o u b le  bond ra n g e d  from  th e  A t o  th e  A p o s i t i o n ,  and
10S h ep h erd  and  S h o w ell w ere  a b le  t o  show t h a t  m ig r a t io n  
o c c u r re d  by i n t e r m o le c u la r  e s t o r i f i c a t i o n  o f  f a t t y  a c id  by 
o l e f i n : -
R -C -0 %c?
RCH CH=CHCH R ' .s L a
'T
R - c io '^  n





S im i la r  e x te n s iv e  d o u b le  bond m ig r a t io n  h a s  b e e n  o b s e r -
19ved by s e v e r a l  w o rk e rs  ' ^ i n  r e a c t i o n s  o f  o l e i c  a c id  w ith
v a r io u s  a ro m a tic  compounds u n d e r  th e  a c i d i c  c o n d i t io n s  o f  a
F r io d e l - C r a f t s  p r o c e s s .
V ery l i t t l e  w ork , hov/ovor, h a s  b een  c a r r i e d  o u t  on
co m p arab le  r e a c t i o n s  o f  d i - o l o f i n i c  a c i d s .  I n  th o s e  c a s e s
q u o te d , th e  d o u b le  b o n d s w ere  e i t h e r  c lo s e  to  th e  c a rb o x y l
13g ro u p  o r  h e ld  i n  a r i g i d  c y c l i c  system * A c c o rd in g ly ,  i t  
was d e c id e d  t o  i n v e s t i g a t e  th e  r e a c t i o n s  o f  m e th y l l i n o l e a t e  
u n d e r  s t r o n g ly  a c i d i c  c o n d i t i o n s ,  s in c e  n e i t h e r  o f  th e  above 
l i m i t a t i o n s  a p p ly .
R e a c t io n s  o f  lo n g  c h a in  a c id s  l e a d in g  to  o a r b o c y c l i s e d  p r o d u c t s * 
In  a d d i t i o n  t o  c y c l i s a t i o n  a t  th e  c a rb o3cyi f u n c t io n ,  
i t  i s  p o s s ib l e  t o  f o rm u la te  a  r e a c t i o n  schem e i n  w h ich  m eth y l 
l i n o l e a t e  u n d e rg o e s  an  a c id  c a t a ly s e d  c y c l i s a t i o n  p ro c e s s  
t o  g iv e  c y c lo p ro p a n e , c y c lo b u ta n e  o r  c y c lo p e n ta n e  d e r i v a t i v e s : -
2  2  + £  -CH«CHCH^CH=£IH- -CH^ CH=CH-ij *




n  ~ 1 o r  2
R e a c t io n s  l e a d in g  to  c y c l i c  f a t t y  a c id s  a r e  num erous b u t 
t h e s e  a r e  m a in ly  r a d i c a l  i n  n a tu r e  and  in c lu d e  su ch  p r o c e s s e s
-  9 -
a s  p o ly m e r is a t io n  and  a u to x i d a t i o n .  They u s u a l l y  in v o lv e  
D ie l s - A ld e r  a d d i t i o n s  and  v a r io u s  r a d i c a l  r e c o m b in a tio n
21r e a c t i o n s  and  le a d  m a in ly  to  d im e r ic  and t r i m e r i c  m a t e r i a l ,
a l th o u g h  m onom eric (C ^^) c y c l i c  p ro d u c ts  h av e  b een  i d e n t i f i e d
22 23 24i n  a few  c a s e s .  F r i e d r i c h  and  c o -w o rk e rs  h av e  p r e ­
p a re d  some CgQ c y c lo h e x e n e  a c id s  by a d d i t i o n  o f  e th y le n e  to
t r a n s , t r a n s  o c t a d e c a - 9 , l l ~ d i o n o ic  a c id ,  and  G u n sto n e  and 
26P o w e ll '' showed th e  p re s e n c e  o f  c y c lo b u ta n e  a n d /o r  c y c lo ­
p e n ta n e  d e r i v a t i v e s  i n  th e  r e a c t i o n  o f  m e th y l l i n o l e a t e  v /ith  
a c e t i c  a n h y d r id e  i n  th e  p r e s e n c e  o f  a r a d i c a l  i n i t i a t o r .
I n  c o n t r a s t ,  v e ry  fov/ p o l a r  r e a c t i o n s  w hich  g iv e  a l l -  
c y c l i c  f a t t y  a c id s  a r e  known and  th o s e  w h ich -h av e  b een  fo u n d , 
lo a d  i n  th e  m ain  to  c y c lo p ro p a n e  com pounds, '  A l k a l i -
i s o m é r i s a t i o n  o f  some p o ly u n s a tu r a te d  f a t t y  a c i d s ,  h o w ev er,
c a n  le a d  t o  c y c l i c  m a t e r i a l .  F o r ex am p le , l i n o l e n i c ,  th e
26 27 e l e o s t e a r i c  a c id s  and  c ro iao n y n ic  a c id  g iv e  c y c lo h e x a d ie n e
d e r i v a t i v e s  (1 3 )  when t r e a t e d  w ith  a l k a l i .
(1 3 )
I t  was hoped  t h e r e f o r e  t h a t  m e th y l l i n o l e a t e m i g h t  y i e l d  
c a r b o c y c l ic  compounds u n d e r  a c i d i c  r e a c t i o n  c o n d i t io n s  and p a r ­
t i c u l a r l y  t h a t  c y c lo p e n ta n e  e s t e r s  su ch  a s  (1 4 )  m ig h t b e  form ed:
C H gC C H ^)^------------
(1 4 )
10 -
Such compounds w ould  be  c l o s e ly  r e l a t e d  t o  t h e  p r o s t a -  
28g la n d x n s  ( 1 5 ) ,   ^ T h ese  a c id s  d i s p l a y  m u sc u la r  a c t i v i t y  and 
a r e  b e l ie v e d  to  toe d e r iv e d  b i o s y n t h e t i c a l l y  from  a c y c l i c
yp o lfe th e n o id  p r e c u r s o r s ,
y  w
C H ^ ( C H ^ ) .C H ( O H ) C H = C H ^  f  — f ----- CH GH=CH(CII ) ^ C 0 J Î
(1 5 )
29N o te , The c y c lo p e n te n e  a c id s  o f  th e  f la c o u r t ia c o a ©  fa m ily
m ust a l s o  be  d e r iv e d  b i o s y n t h e t i c a l l y  from  an  a c y c l i c  
p r e c u r s o r ,
I n i t i a l  r e a c t i o n s  o f  moth]/'! l i n o l e a t e  w ith  in o r g a n ic
p r o to n ic  a c id s  gave m a in ly  t a r r y  p o ly m e ric  m a t e r i a l ,  a l th o u g h
a s m a ll  am ount o f  a  com ponent w h ich  a p p e a re d  to  be  s a tu r a t e d
30was re c o v e re d  i n  some c a s e s .  T h e re f o re ,  to lu o n e - p - s u lp h o n ic  
a c id  was u se d  i n  a l l  s u b se q u e n t r e a c t i o n s  and  th e  p o s s i b i l i t y  
t h a t  c a r b o c y c l i c  com pounds a n d /o r  l a c to n e s  and k e to n e s  m igh t 
be  form ed was r e a l i s e d .
-  11 ~
THE REACTION OF METHYL LINOLEâTS WITH TOLimiE~P-8ULmONIC ACID
IN m T iim o h
The fo l lo w in g  s t u d i e s  w ere  c a r r i e d  o u t  on a sam ple  o f  
m e th y l l i n o l e a t e  c o n ta in in g  a b o u t 2% o f  m e th y l o l e a t e  a s  th e  
o n ly  im p u r i ty .
M ethy l l i n o l e a t e  was h e a te d  f o r  e ig h te e n  h o u rs  a t  lOO^C 
w ith  a  l a r g e  e x c e s s  o f  to lu e n e - p - s u lp h o n ic  a c id  i n  t h e  p re s e n c e  
o f  s u f f i c i e n t  m e th an o l t o  make th e  r e a c t i o n  m ix tu re  hom ogeneous. 
GIiC a n a l y s i s  o f  t h e  r e a c t i o n  m ix tu re  showed th e  p r e s e n c e  o f  s i x  
p e a k s  on  DEGS and t h r e e  peako  on ApL (T a b le  1 ) .
TABLE 1 .
ECLs (DEGS). ECLs (A pL),
1 8 .9  1 7 .6  -j
1 9 .4  y  40%
1 9 .9  1 7 ,8  J
2 1 .4
2 1 .7  1 0 .9  60%
2 2 .3
N o te : -  The ECLs o f  m e th y l o l e a t e  and  m e th y l l i n o l e a t e  
on BEGS a r e  1 8 ,0  and  1 9 ,4  r e s p e c t i v e l y ,  w h i l s t
b o th  e s t e r s  h a v e  a n  ECL on ApL o f  1 7 .6
TLC a n a l y s i s  showed s i x  f r a c t i o n s  (A ,B ,C ,D ,E  and P i n  
o r d e r  o f  d e c r e a s in g  v a l u e ) .  F r a c t io n s  A and B h a d  s i m i l a r
— 12 *
p o l a r i t y  t o  m e th y l l i n o l e a t e ,  f r a c t i o n  C t o  m e th y l IS -x ae th o x y - 
o l e a t e ,  f r a c t i o n  D t o  m e th y l r i c i n o l e a t e  and f r a c t i o n s  E and  F 
to  m e th y l th r e o  9 ,1 0 - d ih y d r o x y s t e a r a t e .  P re p . TLC o f  th e  
r e a c t i o n  p ro d u c t  gave  s i x  b a n d s ;  A (33% ); B (4% ); C (44% );
D (10% ); E (15%) and  F (4% ), E ach  f r a c t i o n  was exam ined  i n  
g r e a t e r  d e t a i l .
F r a c t io n  F (4% ).
T h is  f r a c t i o n  g av e  no p e a k s  on GLC e i t h e r  b e f o r e  o r  
a f t e r  t r i m e t h y l s i l y l a t i o n  and  TLC a n a l y s i s  showed one t a i l i n g  
s p o t  a f  low  v a lu e .  The m a t e r i a l  i s  p ro b a b ly  m a in ly  p o ly ­
m e r ic  and  was n o t  exam ined  f u r t h e r .
F r a c t io n  E (15% ).
T h e se  e s t e r s  l i k e w i s e  gav e  no p eak s  on  GLC, and TLC 
a n a l y s i s  showed o n ly  one s p o t .  I n  a d d i t i o n  t o  s ig n a l s  
n o rm a lly  p r e s e n t  w i th  lo n g - c h a in  e s t e r s ,  t h e  I#R  sp e c tru m  
showed com plex  a b s o r p t io n  a t  3 .2  -  3 .8 t ( ^  4  p r o to n s )  and a  
s i n g l e t  a t  7 .6 t ( ^  3 p r o to n s ) .  A ls o , a b s o r p t io n  a t  S .65T  
f o r  t h e  m e th y le n e  p r o to n s  o f  a  f a t t y  a c id  c h a in  was much 
re d u c e d , i n d i c a t i n g  th e  p r e s e n c e  o f  a  s i g n i f i c a n t  am ount o f  
n o n - l i p i d  m a te r ia l*
The WliR s p e c tru m  o f  th e  m e th y l to lu e n e - p - s u lp h o n a te  was 
i d e n t i c a l  w i th  t h a t  o f  t h e  f r a c t i o n  E e x c e p t  f o r  t h e  a b se n c e  
o f  t h e  com plex  s ig n a l  a t  S .6 5 t ,  A b s o rp t io n  i n  t h e  r e g io n  
2.2 -  2 . 8 t  was a t t r i b u t e d  t o  th e  a ro m a tic  p ro to n s  and  th e
-  13 -
s i n g l e t  a t  7 ,6 t t o  t h e  m e th y l p r o to n s  o f  th e  to lu e n e  (C n^-A r) 
g ro u p .
T h is  band  t h e r e f o r e  c o n s i s t s  m a in ly  o f  m e th y l t o l u e n e - p -  
su lp h o n a t©  a r i s i n g  from  a n  a c i d - c a t a l y s e d  e s t é r i f i c a t i o n  o f  th e  
f r e e  a c id  w i th  m e th a n o l.  L ip id  m a t e r i a l  i s  o n ly  a  m in o r com­
p o n e n t and  was n o t  i d e n t i f i e d .
F r a c t io n  D (10% ).
The ÎR  s p e c tru m  o f  t h i s  band  showed a b s o r p t io n  a t  3480 
cm (OH) and  970 cm ( t r a n o ) , The p re s e n c e  o f  t h e  h y d ro x y  
f u n c t io n  was c o n firm e d  by GLC a n a l y s i s  b e f o r e  and  a f t e r  t r i *  
m e t h y l s i l y l a t i o n .  (T a b le  8) .
TABLE 2 .
ECLs (DEGS) b e f o r e  ECLs (PBGC) a f t e r
t r i m e t h y l s i l y l a t i o n  t r i m e t h y l s i l y l a t i o n
2 2 .3  (20%) 2 2 .3  (20%)
2 6 .3  (80% ) 1 9 .4  (80%)
GLC r e s p o n s e ,  h o w ev e r, was low  i n d i c a t i n g  t h e  p re s e n c e  
o f  o t h e r  m a te r i a l  i n  t h i s  f r a c t i o n  i n  a d d i t i o n  t o  h y d ro x y -  
o c ta d e o e n o a te s . The l a t t e r  a r i s e  p re su m ab ly  by  h y d r a t io n  o f  
one o f  th e  dien©  d o u b le  b o n d s . The com ponent o f  ECL 2 2 .3  
c o u ld  n o t  b e  i s o l a t e d  and  i d e n t i f i e d .
F r a c t io n  A (22% ).
The ÏR s p e c tru m  o f  f r a c t i o n  A showed com plex  a b s o r p t io n  
i n  th e  r e g io n  1 000-950  cm ^ i n d i c a t i n g  c o n ju g a te d  c i s  t r a n s . 
c o n ju g a te d  t r a n s  t r a n s  and  I s o l a t e d  t r a n s  u n s a t u r a t i o n .  The
— 14 —
1% 1%UV sp e c tru m  gav e  p eak s  a t  223 nm « 117) and  231 nm «icm  icm
116) w h i l s t  von R u d lo f f  o x id a t io n  in d i c a t e d  u n s a tu r a t i o n  b e g in n in g  
a t  C (6) ,C ( 7 ) ,C ( 8 ) ,C < 9 ) ,C ( 1 0 ) ,  and  C ( l l )  and h y d ro g e n a t io n  gave 
m e th y l s t e a r a t e  o n ly .
T h is  f r a c t i o n  t h e r e f o r e  c o n ta in s  a  com plex  m ix tu re  o f  c o n ­
ju g a te d  ( "*wll%) and  n o n -c o n ju g a te d  m eth y l o c ta d e c a d ie n o a te s .  
S tu d ie s  on s y n t h e t i c  com pounds h av e  shown t h a t  p o s i t i o n a l  iso m e rs
o f  some o c ta d e c a d ie n o a te s  c o n ta in in g  th e  same k in d  o f  u n s a t u r -
31a t i o n  c a n  be  s e p a r a te d  by  s i l v e r  io n  c h ro m a to g ra p h y . T h is  i s  i n
32a d d i t i o n  t o  th e  m ore common s e p a r a t i o n  o f  c i s  and t r a n s  is o m e r s .
I t  v/as h o p ed , t h e r e f o r e ,  t h a t  by u s in g  t h i s  te c h n iq u e ,  some q u a n ­
titative d a ta  on  th e  e x t e n t  of d o u b le  bond m ig r a t io n  m ig h t be  
o b ta in e d .
A c c o rd in g ly ,  f r a c t i o n  A was s e p a r a te d  by p re p .A g  TLC i n t o  
fo u r  s u b f r a c t i o n s :  A ^(32% ), A (20% ), A^(12%) and A^^C37%),
F r a c t io n  A  ^ (33% o f  22% % 8 . 1% ).
T h is  was shown to  bo  u n ch an g ed  m e th y l l i n o l e a t e  on th e  
b a s i s  o f  t h e  f o l lo w in g  e v id e n c e  : -
1 , I t  h ad  ECLs o f  1 9 .4  (DEGS) and  1 7 ,6  (A pL).
2 , The IR sp e c tru m  showed no t r a n s  d o u b le  bond and  th e  UV s p e c ­
tru m  no c o n ju g a t io n .
3 , von R u d lo f f  o x i d a t i o n  gave  n o n a n e d io ic  and h o x o n o lc  a c id s  o n ly .
F r a c t io n  (18% of 22% « 2 ,6 % ).
Ag h ad  ECLs o f  1 0 .1  and 1 9 .3  (DEGS) and  1 7 .0  (A pL). The
***1LIR sp e c tru m  showed i n t e n s e  a b s o r p t io n  a t  970 cm ( t r a n s ) and 
th e  UV sp e c tru m  i n d i c a t e d  no c o n ju g a t io n .  von R u d lo f f  o x id a t io n
-  15 -
i n d i c a t e d  u n s a tu r a t i o n  b e g in n in g  a t  C (6) to  C ( l l )  i n c l u s i v e .  The 
v a lu e  o f  on Ag*^TLC was h ig h e r  th a n  t h a t  o f  a u th e n t i c  12c^ 
e s t e r  and was a p p ro x im a te ly  th e  same a s  t h a t  o f  authentic 9c^l21^ 
( o r  12c^ ) e s t e r .
T h ese  e s t e r s  a r e  a  com plex  m ix tu re  o f  s t e r e o n u t a t e d  and 
is o m e r is e d  n o n -c o n ju g a te d  m e th y l o c ta d e c a d ie n o a te s  a r i s i n g  p r e ­
sum ably  by p r o to n a t io n - d e p r o to n a t io n  o f  one d o u b le  b o n d . A c id -
c a t a ly s e d  r e a c t i o n s  o f  m o n o -o le f in ic  a c id s  g iv in g  r i s e  t o  l a c to n e s  
13and  k e to n e s  h av e  b e e n  shown t o  p ro c e e d  i n i t i a l l y  i n  t h i s  m anner*
(Scheme 1 ) .
t  2.-CH CHCH^CÎ-r CII=CHCH. -  6 6 2
•«■'■(C,,) 9o,13t
" (16 )
H < C ,„) 9 c ,1 2 t
-CH„CH=CHCH „CH=CHCH2 1Î  2 (17)
KJH CH=CHCH CH GHCH^- 2 2 2 2
'8 8c , 12t  (19)
N o te : -  1 , a,The new d o u b le  bond w i l l  h av e  m a in ly ^ t r a n a  co n fig -*  
u r a t i o n  a l th o u g h  b o th  c i s  and t r a n s  iso m e rs  may 
b e  fo rm ed .
“f*2 . A d d i t io n  o f  H a t  e i t h e r  o r  w ould le a d  t o  
c o n ju g a te d  d ie n o s .
3* Compounds (1 7 )  and  (1 0 ) a r e  s t e r e o n u t a t e d  iso m e rs  
o f  t h e  o r i g i n a l  e s t o r  w h i l s t  (1 6 )  and (1 9 )  h av e  
a r i s e n  by d o u b le  bond m ig r a t io n ,
— 16 -
4 ,  F u r th e r  p r o to n a t io n - d e p r o to n a t io n  G ould lo a d  t o  t r a n s , 
t r a n s  i s o m e r s ,  t o  compounds w i th  th e  d o u b le  bonds 
f u r t h e r  a p a r t  and t o  m e th y le n e - in te r r u p te d  d ie n e s  
o th e r  th a n  m e th y l l i n o l e a t e .
F r a c t io n  (20% o f  22% -  4 ,4 % ),I " Z ' ' " ™ ' "  ' ■  ' ’ '
T h is  f r a c t i o n  h ad  s i m i l a r  p o l a r i t y  to  m e th y l o l e a t e  on Ag 
TLC and  GLC a n a l y s i s  showed f i v e  p eak s  on DEGS and  t h r e e  on ApL, 
(T a b le  3 ) .
TABLE 3 ,
ECLs (DEGS) ECLs (ApL)
1 0 :5  t
1D :3>  1 7 .6  (79%)
1 9 :9  J
20 * 5 1 10,1% ,
2 1 , I j  1 8 .6 j(% l^ ^
The IR  sp e c tru m  i n d i c a t e d  c o n ju g a te d  c i s , t r a n s  (950 cm ~^), 
c o n ju g a te d  t r a n s , t r a n s  (990  cm "^) and i s o l a t e d  t r a n s  (970  cm*"^) 
u n s a t u r a t i o n .  O x id a t iv e  f i s s i o n  e x p e r im e n ts  w ere  n o t  c a r r i e d  
o u t  on th e s e  e s t e r s ,  s in c e  th e y  c o n ta in e d  some o f  t h e  monoene 
(ECL 1 8 ,5 ,  DEGO) p r e s e n t  i n  th e  o r i g i n a l  m e th y l l i n o l e a t e .
F r a c t io n  A (32% o f  22% = 7%).
The GLC a n a l y s i s  o f  A^ was e s s e n t i a l l y  s i m i l a r  t o  t h a t  o f
A and  i s  sum m arised  b e lo w  i n  t a b l e  4 ,
TABLE 4 .
ECLs■(PEGS) ECLs (ApL)






2 1 .1  1 8 ,6  (9%)
-  17 -
The ÏR sp e c tru m  was th e  same a s  t h a t  d e s c r ib e d  f o r  e x c e p t  
t h a t  t h e r e  was no a b s o r p t io n  a t  950 cm~^ ( c i s , t r a n s ) # O x id a t iv e  
s tu d i e s  w ere  n o t  c a r r i e d  o u t  on t h i s  band  f o r  t h e  same r e a s o n  a s  
o u t l i n e d  i n  th e  d i s c u s s io n  o f  f r a c t i o n  A ^,
F r a c t io n s  A^ and A^ a r e  s i m i l a r  m ix tu re s  o f  c o n ju g a te d  and 
n o n -c o n ju g a te d  o c ta d e c a d ie n o a te s ,  a lo n g  w ith  a l i t t l e  m onoene, and  
th e  r e a s o n  f o r  t h e i r  s e p a r a t i o n  on Ag"^TLC i s  o b s c u re .
F r a c t io n  C (44% ).
T h is  f r a c t i o n  h ad  ECLs (DEGS) o f  2 1 .4  and 2 1 .7  and an  ECL o f
1 8 ,6  on ApL, [The same v a lu e s  h ad  a l s o  b e e n  o b ta in e d  from  an
unknown e s t e r  form ed i n  low  y i e l d  by r e a c t i o n  o f  m e th y l l i n o l e a t e
30w ith  in o r g a n ic  p r o to n ic  a c id s  ] ,  Normal s p e c t r o s c o p ic  te c h n iq u e s  
d id  n o t  g iv e  much u s e f u l  in f o r m a t io n  a s  to  th e  n a tu r e  o f  t h i s  
f r a c t i o n  a l th o u g h  th e  NMR sp e c tru m  showed a d d i t i o n a l  a b s o r p t io n  a t  
6 .4 t u n d e r  th e  s ig n a l  f o r  t h e  m e th y l e s t e r  p r o to n s .  T h is  a b s o rp ­
t i o n  was m ore e v id e n t  i n  th e  sp e c tru m  o f  th e  f r e e  a c id  and was 
e q u iv a le n t  t o  two p r o to n s .
The c h e m ic a l r e a c t i o n s  o f  C c o n firm e d  th e  a b se n c e  o f  common 
f u n c t io n a l  g ro u p s .  I t  was u n a f f e c te d  by h y d ro g e n a t io n  and  by 
sodium  b o ro h y d r id e  and showed i d e n t i c a l  b e h a v io u r  on  GIjC b o th  
b e f o r e  and  a f t e r  t r i m e t h y l s i l y l a t i o n .  The p re s e n c e  o f  a t h i r d  
oxygen  atom  i n  C was shown by e le m e n ta l  a n a l y s i s  w h ich  gavo  a
m o le c u la r  fo rm u la  o f  C H 0 . The unknown m ust t h e r e f o r e  beJL y oD o
c y c l i c  and  p ro b a b ly  h e t e r o c y c l i c  and  a f i v e  o r  s i x  raembered 
r i n g  seem s m ost l i k e l y .
B o th  t e t r a h y d r o f u r a n s  ( 1 ,4 - e p o x i d e s ) , ( 2 0 )  and  t e t r a h y d r o -  
p y ra n s  ( 1 , 5 - e p o x id e s )  (2 1 )  c a n  b e  fo rm ed from  a 1 ,4  d ie n e  sy s te m
~ 18 ~
by  th o  m echanism  o u t l i n e d  b e lo w .
CH CK ,,+  cn „  CH
II }l ^  ^ II
.CH CH -h CH CH
^ 1 3  9 ^  /
4T
K (-R  ) (~R )
(2 0 )  (3 1 )
R 5= Me o r  T#
I n i t i a l  p r o to n a t io n  a t  w ould le a d  t o  th e  same 1 ,5 -
e p o x id e  (2 1 )  and  t o  an  i s o m e r ic  1 ,4 -e p o x id e  w ith  th e  r i n g  i n
th e  9 ,1 2 - p o s i t i o n ,  w h i l s t  p r o to n a t io n  a t  o r  C__ w ould le a d9 12
t o  1 ,4 - e p o x id e s  o n ly .  H ence th e  GLC b e h a v io u r  o f  f r a c t i o n  C
on  a p o l a r  p h a s e , i n  w h ich  two p eak s  a r e  o b ta in e d ,  m ig h t bo
e x p la in e d  by p o s t u l a t i n g  a  m ix tu re  o f  1 ,4 -  o r  1 ,6 -o p o x id o s ,
A l t e r n a t i v e l y ,  t h i s  c o u ld  b e  due t o  th e  p re s e n c e  o f  c i s  and
t r a n s  iso m e rs  o f  1 ,4  a n d /o r  1 ,5  e p o x id e s  o r  t o  p o s i t i o n a l
iso m e rs  o f  th e  r i n g  i n  t h e  c h a in .
A tte m p ts  w ere  th e n  made t o  d e g ra d e  f r a c t i o n  C u s in g
chrom ium  t r i o x i d e  i n  g l a c i a l  a c e t i c  a c i d .  The p ro c e d u re  o f
33C aso n , F e sse n d e n  and A gre  f o r  th e  f i s s i o n  o f  c a rb o n  atom s 
c a r r y in g  t e r t i a r y  h y d ro g e n  atom s gave r i s e  t o  a t  l e a s t
-  19 ~
f i f t y  d i f f e r e n t  p ro d u c ts  and  so  t h e  no rm al p ro c e d u re  f o r
34c le a v a g e  o f  k e to n e s  , w h ich  was found  t o  b e  s l i g h t l y  
s im p le r ,  was em p lo y ed . I t  was hoped  t h a t  th e  m o le c u le  
w ould  b e  c le a v e d  p r e f e r e n t i a l l y  a t  th e  t e r t i a r y  c a rb o n  
a tom s a t  t h e  r i n g  j u n c t i o n s  : -
o (CH^I^CO^CHg
HO^CCCHp^CO^CHg
GLC a n a l y s i s  o f  t h e  t o t a l  r e a c t i o n  p ro d u c t (C*) showed 
a b o u t t h i r t y  p eak s  and  th e  m ix tu re  was s e p a r a te d  by  p r e p .  TLC 
i n t o  s i x  g ro u p s  o f  b a n d s : (9% ); C^ (19% ); (51%);  C '^
(4% ); (7%) and  C^ (7% ). S ach  f r a c t i o n  was exam ined  €n
d e t a i l
F r a c t io n  C j .------------------A—
GLC and IR  a n a l y s i s  showed t h a t  t h i s  band  c o n ta in e d  th e  
m e th y l e s t e r s  o f  h a x a n o lc ,  h e p ta n o ic  and  o c ta n o ic  a c id s  o n ly .
F r a c t io n  C l ,-------------------- B—
The IR sp e c tru m  o f  t h e s e  e s t e r s  showed a b s o r p t io n  a t  
1715 cm ^ (o x o ) a s  w e l l  a s  1740 cm ^ ( e s t e r ) .  GLC a n a l y s i s  
g av e  a  com plex  s e r i e s  o f  p eak s  ECLs o f  n + 0 .5 , (n  = 1 8 -2 9 )  on  
DEGS and m, (m = 1 0 -2 0 )  on ApL.
~ 20 "
35Work on  lo n g - c h a in  c y c lo p ro p a n e  compounds h a s  shown 
t h a t  a s i m i l a r  o x id a t io n  p ro c e d u re  c a n  g iv e  r i s e  t o  o x o -  
compounds from  n o n -d e g ra d e d  s t a r t i n g  m a t e r i a l : -
/ \ 2  %RCH„CH-CHCH„R' »  RCOCII-CHCH„R* 4- RCK„CH-CHCOR'
A s i m i l a r  ty p e  o f  compound c o u ld  b e  o b ta in e d  from
1 ,4 -e p o x id e s  b y  an  i d e n t i c a l  a jou te :-I 1 r~\R C H gt^ _^!0HgR' RCO <^ ^.JCHgR' +  R C H g k ^ ^ ic O R '
0 0
H ow ever, t h i s  d o es  n o t  e x p la in  th e  l a r g e  num ber o f  com­
pounds t h a t  a r e  p r e s e n t  i n  t h i s  f r a c t i o n .
F r a c t io n  C l .
' ’    U * ~ ”
IR and GLC a n a l y s i s  o f  t h i s  f r a c t i o n  c o n f irm e d  th e  
p re s e n c e  o f  th e  m e th y l e s t e r s  o f  o c t a n e d io i c ,  n o n a n e d io ic  
and  d e c a n e d io ic  a c i d s .  S e v e r a l  o th e r  m inor com ponents o f  
t h i s  band  w ere  n o t  i d e n t i f i e d *
F r a c t io n s  C *^, C*^ and C '_ .        ' ‘ D-*------E -"’.............  F —
A b s o rp t io n  i n  t h e  IR sp e c tru m  a t  1775 cm ^ ( ^ - l a c to n e )
a s  w e l l  a s  1740 cm ^ ( e s t e r )  was p r e s e n t  i n  t h e s e  f r a c t i o n s *  
GLC a n a l y s i s  o f  e a c h  f r a c t i o n  i s  shown be low  (T a b le  5 ) ,
TABLE 5
F r a c t io n  ECLs (ApL)
C 'g  1 5 .1 ,  1 6 .1
C 'g  1 7 .1 ,  1 8 .1
C 'p 1 6 , 8 ,  .1 7 .8
-  21 -
L a c to n e s  m ig h t a r i s o  by o x id a t io n  o f  t h e  t e r t i a r y  
-CH f u n c t io n  t o  an  oxo g ro u p ;
-----------
A lth o u g h  t h i s  p ro c e d u re  s u g g e s te d  t h a t  th e  m a jo r 
p r o d u c ts  w ere t h e  9 ,1 2 -  and  1 0 ,1 3 - e p o x id e s ,  many o th e r  
u n e x p la in e d  p ro d u c ts  w ere  o b ta in e d  and  more c o m p reh en siv e  
r e s u l t s  w ere a c h ie v e d  by a  s tu d y  o f  th e  m ass sp e c tru m  o f  C .
The m ass sp e c tru m  o f  C .
C showed a m o le c u la r  i o n  peak  a t  m /e = 312 and  a  l a r g e r  
p eak  a t  313 . The l a t t e r  p eak  a r i s e s  from  an  in t r a m o le c u la r
h y d ro g e n  t r a n s f e r  t o  th e  o t h e r  oxygen  and  i s  d e p e n d e n t on 
th e  s o u rc e  p r e s s u r e  i n  t h e  m ass s p e c t r o m e te r .
M ajo r f r a g m e n ta t io n  o f  c y c l i c  e t h e r s  o c c u r s  a t  t h e  c a rb o n
37atom  a  to  th e  e t h e r  oxygen  a s  o u t l i n e d  b e low ;
The c h a r g e - c a r r y in g  fra g m e n t c a n  th e n  lo s e  32 m ass
u n i t s  i f  th e  g ro u p  R* c o n ta in s  th e  m e th y l e s t e r  g ro u p . In
38a d d i t i o n ,  B ra n d t and  D J e r a s s i  h av e  shown t h a t  c y c l i c  e t h e r s  
c a n  a l s o  l o s e  18 m ass u n i t s  ( H O )  by th e  m echanism  o u t l i n e d










T h e se  s im p le  c le a v a g e  p ro d u c ts  and t h e i r  r e l a t i o n  to  th e  
p o s i t i o n  o f  t h e  1 ,4 - e p o x id e  g ro u p  i n  th e  c h a in  a r e  sum m arised  
i n  t a b l e  6 ,
TABLE 6
}(CH2)„C02CH3
(n  + m a  12)
8 ,1 1 9 ,1 2 1 0 ,1 3 11 . 14
b 169 (1 6 ) 155 (9 8 ) 1 4 1 (1 0 0 ) 127 ( IS )
b - lS 161 (6 ) 137 (2 7 ) 123 (4 2 ) 109 ( I S )
a 213 (7 ) 227 (7 8 ) 241 (8 4 ) 255 (8 )
a^-18 195 (4 9 )* 209 (5 8 )* 223 (1 5 )* •—
a -3  2 131 (5 ) 195 (4 9 )* 209 (5 8 )* 223 (1 5 )
a -5 0 103 (6 ) 177 (1 1 ) 191 (8 ) •MifPW
-  23 -
Not© 1* The f i g u r e s  i n  b r a c k e ts  r e f e r  t o  p eak  i n t e n s i t i e s  
r e l a t i v e  t o  th e  b a s e  peak  w h ich  i s  g iv e n  th e  
v a lu e  10 0 ,
*2 , T h ese  a r e  p ea k s  w h ich  can  a r i s e  i n  two d i f f e r e n t
w ay s,
3 , L oss o f  50 m ass u n i t s  i s  e q u iv a le n t  t o  l o s s  o f
32 + IQ u n i t s .
T h e se  f i g u r e s  c l e a r l y  show t h a t  f r a c t i o n  C i s  m a in ly  an  
e q u a l  m ix tu re  o f  t h e  9 ,1 2 "  (2 2 )  and th e  1 0 ,1 3 " e p o x id e s  (2 3 )  
t o g e th e r - w i th  s m a l le r  am ounts o f  t h e  Q , l l  and  1 1 ,1 4  I s o m e rs ,  
T h is  was f u r t h e r  c o n firm e d  by  co m p ariso n  w ith  th o  m ass sp e c tru m  
o f  compound (2 2 ) p r e p a re d  by a n  unam biguous s y n th e s i s  from  
r i c i n o l e i c  a c i d .
CH (CH )   P ( C I I  )„C O ^CH „ ( 2 3 )o ^ Z o A o
B ra n d t and  D J e r a s s i  a l s o  showed t h a t  t h e r e  was a t h i r d  
m a jo r  f r a g m e n ta t io n  pathw ay  in v o lv in g  h y d ro g en  t r a n s f e r  from  
t h e  t e r t i a r y  c a rb o n  atom  t o  th e  m e th y l e s t e r  g ro u p :
p r i
 >  C H y C H p ^ L ç ^ C H g ) .
/ + OH
" 24
T a b le  7 shows th e  v a lu e s  o b ta in e d  from  th e  s p e c tru m  o f  
f r a c t i o n  C ,
TABIÆ 7
p o s i t i o n  o f  r i n g  I n t e n s i t y
1 1 ,1 4  228* 13
1 0 ,1 3  214 15
9 ,1 2  200 14
sît 13T h is  peak  i s  a l s o  p r e s e n t  a s  th e  C i s o to p e  o f  th e  
m a jo r  c le a v a g e  p ro d u c t  o f  m ass 227 ,
F r a c t io n  B (4% ).
T h is  e s t e r  h ad  ECLs o f  2 0 .0  (DEGS) and  1 7 .9  (A pL ).
I t  p ro v ed  t o  b e  d i f f i c u l t  t o  p u r i f y  and  was a lw ay s  co n tam ­
i n a t e d  w ith  t r a c e s  o f  f r a c t i o n s  A and C , A n a ly s is  o f  a
95% p u re  sam ple  gav e  a  m o le c u la r  fo rm u la  o f  C_ and th e19 do o
m ass s p e c tru m  showed a  s i m i l a r  p a t t e r n  t o  t h a t  o f  f r a c t i o n  C. 
T h ese  r e s u l t s  l e d  t o  th e  c o n c lu s io n  t h a t  B v/as a  m ix tu re  o f  
is o m e r ic  1 ,5 -e p o x id e s  (2 4 )  and  i t  h a s  b e en  shown th e y  c a n  b e  
s e p a r a te d  from  th e  1 ,4  iso m e rs  by TLC and by  p r e p .  GLC.
(2 4 )
The e s s e n t i a l  p e a k s  i n  th e  m ass sp e c tru m  o f  B a r e  shown 
b elo w  i n  t a b l e  8 , f r a g m e n ta t io n  b e in g  s i m i l a r  t o  t h a t  o f  th e
1 ,4 -e p o x id e s  a s  e x p la in e d  p r e v io u s ly  ( p .  2 2 ) .
25 -
TABLE 8
' ( o 4 'a
ja + n  =
(0,14 % }à.
b 141 (5 1 ) 1 5 5 (1 0 0 ) 169 (3 3 )
b -1 8 133 (3 6 ) 137 (4 6 ) 151 (1 5 )
E. 255 (9 ) 241 (1 8 ) 227 (0 )
£ -1 8 237 (9 ) 223 (3 0 )* 209 (3 3 )*
£ -3 2 223 (3 0 )* 209 (3 3 )* 195 (1 3 )
a —50 205 (5 ) 191 (1 2 ) 177 (0 )
T h ese  p e ak s  c a n  a r i s e  i n  two d i f f e r e n t  w ay s,
INFLUENCE OF BEACTIQN CONDITIONS.
C hanges i n  any o f  th e  r e a c t i o n  v a r i a b l e s  ( s o l v e n t ,  tem ­
p e r a t u r e ,  t im e ,  and  r e a c t a n t  c o n c e n t r a t io n )  r e s u l t e d  i n  one o f  
f o u r  e f f e c t s :
A , R e a c t io n  was l e s s  c o m p le te  g iv in g  a h ig h e r  y i e l d  o f  u n ­
changed  l i n o l e a t e  and  a lo w er y i e l d  o f  1 ,4 - e p o x id e ,
B , R e a c t io n  p ro c e e d e d  f u r t h e r  g iv in g  u n i d e n t i f i a b l e  p o l a r
p r o d u c t s .
C , I n t r a c t a b l e  e t h e r - i n s o l u b l e  t a r s  w ere p ro d u c e d ,
D, O nly m in o r ch an g e s  i n  p ro d u c t  d i s t r i b u t i o n  w ere  o b s e rv e d .
A* More u n ch an g ed  l i n o l e a t e  was r e c o v e re d  a t  r e a c t i o n
~ 2G -
te m p e r a tu re  o f  l e s s  th a n  9 0 ° , from  r e a c t i o n s  o f  l e s s  th a n  IS  
h o u rs  d u r a t i o n  and  when t h e  c o n c e n t r a t io n  o f  s u lp h o n ic  a c id  
was re d u c e d  e i t h e r  by i n c r e a s i n g  th e  q u a n t i t y  o f  s o lv e n t  o r  by  
d e c r e a s in g  th e  am ount o f  a c i d ,
B , I n c r e a s e s  i n  s u lp h o n ic  a c id  c o n c e n t r a t i o n ,  i n  r e a c ­
t i o n  t im e s  from  18 t o  24 h o u rs  and  i n  r e a c t i o n  te m p e r a tu re s  
from  110 t o  140° l e d  t o  p r o d u c ts  c o n ta in in g  a h ig h e r  p ro p o r ­
t i o n  o f  m ore p o l a r  m a t e r i a l ,
C , I n t r a c t a b l e  t a r s  w ere  o b ta in e d  i n  b e n a e n e , c y c l o -  
h e x a n e , a c e to n e ,  d ig ly m e  and  n i t ro b o n z e n e  s o l u t i o n ,  and  i n  
a l l  s o l v e n t s , a t  te m p e r a tu r e s  above 140° and from  r e a c t i o n s  
o f  g r e a t e r  th a n  24 h o u r  d u r a t io n ,
D, R e a c t io n s  i n  d io x a n  s o l u t i o n  a t  100° f o r  10 h o u rs  
gave  a s i m i l a r  p ro d u c t  d i s t r i b u t i o n  t o  t h a t  i n  m e th a n o l b u t  
m ost o f  t h e  m a t e r i a l  was p r e s e n t  a s  f r e e  a c id  n e c e s s i t a t i n g  
r e m e th y la t io n  p r i o r  t o  i n v e s t i g a t i o n .  H ow ever, a  m ore d e t a i l e d  
s tu d y  o f  t h e  r e a c t i o n  p ro d u c t  from  m e th an o l s o l u t i o n  a f t e r
12 h o u rs  showed t h a t  t h e  e t h e r  f r a c t i o n ,  i n  a d d i t i o n  to  1 , 4 -
e p o x id e s ,  c o n ta in e d  some m e th o x y o c ta d e c e n o a te s  w h ich  may b e
in te r m e d ia te s  i n  t h e  f o rm a t io n  o f  c y c l i c  e t h e r s .  The t o t a l
e t h e r  band  C* (35%) showed a b s o r p t io n  i n  t h e  M5R sp e c tru m  a t
6*7t  ( ^ 1 H )  and  i t s  IR sp e c tru m  g av e  a s i g n i f i c a n t  p eak  a t  
—1970 cm ( t r a n s ) , P r e p .  Ag TLC r e s u l t e d  i n  t h r e e  s u b f r a c t i o n s :  
C” vAiich was r e a d i l y  shown t o  b e  a  m ix tu re  o f  1 , 4 - e p o x id e s ,  
(74% ); C” (16%) and  C" (10% ),
-  27 -
F r a c t io n  C " ,~ ~ ~ ~  B—
T h ese  e s t e r s  h ad  ECLs o f  2 1 .5  (DEGS) and  1 0 ,6  (A pL),
The IR  sp e c tru m  showed t r a n s  d o u b le  bond and  -OCH^ (2820  cm ^ )^ ^  
w h i l s t  von R u d lo f f  o x id a t io n  in d i c a t e d  u n s a tu r a t i o n  b e g in n in g  
a t  0 ( 8 ) ,  C (9 ) and  0 (1 0 )  a s  w e l l  a s  compounds w hose GLC b e h a v io u r  
c o u ld  b e  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  a  m ethoxy g ro u p  i n  t h e  
c h a in .
F r a c t io n
T h is  f r a c t i o n  h ad  s i m i l a r  c h ro m a to g ra p h ic  and  s p e c t r o ­
s c o p ic  p r o p e r t i e s  t o  C ^, The t r a n s  a b s o r p t io n  b an d  i n  t h e  ÏR 
sp e c tru m , h o w ev er, was s i g n i f i c a n t l y  re d u c e d  and  von R u d lo f f  
o x i d a t i o n  gave  a  s im p le r  ch rom atogram  w ith  a z e l a i c  a c id  and  a 
com ponent o f  ECL 1 1 ,7  (DEGC) p re d o m in a tin g . I t  seem s p ro b a b le  
t h a t  t h i s  f r a c t i o n  c o n ta in s  m a in ly  c i s  m e th o x y o c ta d e c e n o a te s  
s in c e  t h e s e  a re  l e s s  l i k e l y  t o  h a v e  u n d erg o n e  d o u b le  bond 
m ig r a t io n  th u s  a c c o u n t in g  f o r  t h e  s im p le r  o x id a t io n  p a t t e r n .
T h ese  m e th o x y o c ta d e o e n o a te s  m ust h av e  a r i s e n  by a d d i t i o n  
o f  m e th an o l a c r o s s  one d o u b le  bond and th e y  may b e  i n t e r ­
m e d ia te s  on th e  f o rm a t io n  o f  c y c l i c  e t h e r s .  I t  a l s o  a p p e a rs  
t h a t  th e y  a r e  b u i l t  u p  d u r in g  th e  c o u r s e  o f  th e  r e a c t i o n  
r e a c h in g  a  maximum c o n c e n t r a t i o n  a f t e r  a b o u t 12 h o u r s .  They 
a r e  n o t  p r e s e n t  a t  a l l  a f t e r  10 h o u rs  and  th e  HilR sp e c tru m  o f  
th e  t o t a l  e t h e r  band  from  a  5 h o u r  r e a c t i o n  showed o n ly  a 
sm a ll  a b s o r p t io n  a t  6 ,7 t ,
-I-c  c  H . c
-CH=CHCHgCH=CH- -CIIgCH(me)CHgCIl3]i;- + 3 iso m e rs
9c,120M e e t c ,
ESTERS RELATED TO METHYL LIITQLMTE;
The m e c h a n is t ic  pathw ay by w h ich  1 , 4 -  and  1 ,5 - e p o x id e s  
a r e  fo rm ed i s  c o n s id e re d  t o  b e  v i a  a  mono-ossj^genated i n t e r ­
m e d ia te  (2 5 )  w hich  u n d e rg o e s  an  a c i d - c a t a l y s e d  in t r a m o le c u la r  
c y c l i s a t i o n  t o  t h e  c y c l i c  e t h e r , (2 6 )
2 - ^
I II o o r  t  — 5— ^ I 2 ^  yr o n ;
R R
(2 5 )
cH g .^  ^ c n ,
CH: CH CH„ CH
R (2 6 )
The i s o l a t i o n  from  th e  r e a c t i o n  m ix tu re  o f  h y d ro x y  (R 
» II) and  m ethoxy (R = H e) o c ta d e o e n o a te s ,  and  th e  f a c t  t h a t  an  
o x y g e n -c o n ta in in g  s o lv e n t  i s  n e c e s s a r y  f o r  th e  c y c l i s a t i o n  t o  
o c c u r ,  le n d  s u p p o r t  t o  t h i s  m echan ism . To a s c e r t a i n  w h e th e r  
t h e  se q u e n c e  (2 5 )  t o  (2 6 )  was c h e m ic a l ly  f e a s i b l e ,  s i m i l a r  
a c i d  c a t a ly s e d  r e a c t i o n s  w ere  c a r r i e d  o u t  on m e th y l r i c i n o l e a t e  
( 2 7 ) ,  m e th y l r i c i n e l a i d a t e  ( 2 0 ) ,  m e th y l 1 2 -m e th o ::y o le a te  (2 9 )  
and  m e th y l 9 H htydroxyoctadec- c l s - 1 2 -e n o a te  (3 0 )  a l l  o f  w hich  
b e a r  a  s t r u c t u r a l  r e l a t i o n s h i p  t o  ( 2 5 ) ,
“ 29
CHg(CHg)gCH<C*l)CI!^CÎÎ=CH(CHg)^COgM® (2 7 )
Î .CH_ (CH„ ) ,CH(ai)CH„CIfeCII (CH ^  )„C0 Æ e ( 28 )%) O /u Jii 9 ASlCH„(CH„)„CH(œ0>CH„Gîl59H(CH„)^O„M0 (2 9 )0 ^ 5  0 A A i  AECHg(CHg)^CH=:OII(CII^)gCH(OH)(CHg)yOO^Ie ( 30)
A il  t h e s e  e s t e r s  g av e  somewhat lo w er y i e l d s  o f  c y c l i c  
o th e r s  (29-31% ) i n d i c a t i n g  t h a t  th e  m echanism  may b e  o n ly  
p a r t l y  v i a  a n  i n t e r m e d ia t e  su c h  a s  ( 2 5 ) .  The r e a c t i o n  may 
p ro c e e d , i n  p a r t ,  th ro u g h  a t o s y l a t e  (R = T s )  b u t  s in c e  s u l -
p h o n a te  e s t e r s  a r e  knov/n t o  decom pose r e a d i l y  u n d e r  m ild
T O  7a c i d i c  c o n d i t io n s  * and  on  a  GLC colum n t o  d i e n e s ,  no
r e a c t i o n s  w ere  c a r r i e d  o u t  on  su c h  com pounds.
The e f f e c t  o f  d o u b le  bond c o n f ig u r a t io n  was a l s o
ex am in ed , and  i t  was fo und  t h a t  t h e  t r a n s , t r a n s  and  c i s , t r a n s
iso m e rs  o f  m e th y l l i n o l e a t e  gave s i m i l a r  y i e l d s  o f  c y c l i c
e t h e r s  t o  th e  c i s , c i s  is o m e r ,
A m ix tu re  o f  c o n ju g a te d  d ie n e s  ( 9 £ ,1 1 £  and  1 0 £ ,1 2 i^ ),
p r e p a re d  b y  a l k a l i - i s o m é r i s a t i o n  o f  m e th y l l i n o l e a t e ,  g av e  no
c y c l i c  e t h e r s ,  t h e  p ro d u c t  b e in g  m a in ly  p o ly m e r ic .  S in c e
t h e s e  e s t e r s  a r e  l i k e l y  t o  be  form ed from  t h e i r  n o n -c o n ju g a te d
iso m e rs  u n d e r  t h e  s t r o n g ly  a c i d i c  r e a c t i o n  c o n d i t i o n s ,  th e y
may b e  r e s p o n s ib le  f o r  some o f  th e  m ore p o la r  m a t e r i a l  p r e s e n t
i n  f r a c t i o n s  D, E and  F .  I n  a d d i t i o n ,  t h i s  may a l s o  a c c o u n t
f o r  th e  p re s e n c e  o f  su ch  a  sm a ll  am ount o f  c o n ju g a te d  m a te r i a l
i n  f r a c t i o n  A (11% o f  22% = 2 .4 % ),
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F i n a l l y ,  n e i t h e r  m e th y l o l e a t e  n o r  m e th y l r i c i n s t e a r o l a t ©
(3 1 ) gave  c y c l i c  e t h e r s .  The fo rm e r y ie ld e d  a  m ix tu re  o f  
c i s  and  t r a n s  o c ta d e c e n o a te s  and th e  l a t t e r  o n ly  p o l a r  p r o d u c t s .  
T h is  i n d i c a t e s  t h a t  th e  p r e s e n c e  o f  a  d o u b le  bond  i n  an  
a p p r o p r i a t e  p o s i t i o n  r e l a t i v e  t o  th e  o x y g e n a te d  f u n c t io n  i s  
n e c e s s a r y  f o r  r e a c t i o n  t o  o c c u r .
CHg(CHg) ^CH (0H)CH^C5C (C ly  ) yCO^CH^ ( 31 )
A c o m p le te  r e a c t i o n  schem e u t i l i s i n g  a l l  t h e  r e l e v a n t  
in f o r m a t io n  i s  o u t l i n e d  b e lo w  (schem e 2 ) .
8CHETŒ 2
1 0 :2  ( 9 c , l l t ,* 1 0 c ,1 2 t ) ^  P o lym ers
OR 1 0 :1
ROH
ROH T e tra h y d ro  f u r a n s
1 0 :2  ( 9 c , 1 2 t ; 9 t , 1 2 c ; 9 t , 1 2 t )  4 OH 1 0 :1 '
e t c
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THE SYNTHESIS OF METHYL 9,12-EPOXySTSARATES AMD REIATED ESTERS.
C h ro m a to g ra p h !c , s p e c t r o s c o p ic  and c h e m ic a l e v id e n c e  
i n d i c a t e d  t h a t  t h e  m a jo r  p ro d u c t  (44%) o f  t h e  a c i d - c a t a l y s e d  
r e a c t i o n  o f  m e th y l l i n o l e a t e  was a  m ix tu re  o f  i s o m e r ic  l->4~ 
e p o x id e s  ( 3 2 ) .
a n  S5 3 ,4 ,5  and  6(Ciy^CO ^CH g ^ = 9 , 0 , 7  and  6(3 2 )T h is  s t r u c t u r e  was f i n a l l y  c o n firm e d  by c o m p ariso n  w i th  
a s y n th e t i c  compound ( th e  9 ,1 2  is o m e r )  o b ta in e d  from  r i c i n o l e i c  
a c id  (3 3 )  ( 1 8 :1 ;  9c,120H ) by th e  seq u en ce  o f  r e a c t i o n s  o u t ­
l i n e d  be low  (schem e 3 ) ,
GCKEFÆE! 3
c £. £.
RCH(OH)CH CHkCHR*   RCOCH^CH=CHR* >  EC0CH«CHC0R*IP  q "  *(3 3 )  ^ (3 4 )  (35:
RCH(OH)CHgCHgCH(OH)R* RCOCH^tîH^COR*
(3 8 )  (3 7 )  (3 6 )
R ^  C H g (C H g )^  ; R '  « - (C H g )^ C O g H  ; R»‘ « -(C H ^ )^ G O g C H g
The m ixed a c id s  o f  c a s t o r  o i l ,  c o n ta in in g  a b o u t 85% o f  
r i c i n o l e i c  a c id ,  c o u ld  b e  c o n v e r te d  i n t o  th e  u n s a tu r a t e d  d io x o -  
a c id  (3 5 )  by  two m e th o d s . The p ro c e d u re  o f  H ichol®  and 
S c h ip p e r^ ^  in v o lv e s  a  s h o r t  o x id a t io n  w ith  ch ro m ic  a c id  t o  1 2 -  
o x o - o le ic  a c id  (3 4 ) w hich  i s  s u b s e q u e n t ly  i s o l a t e d  by c r y s t a l ­
l i s a t i o n  from  p e tro le u m  a t  -2 0 ^ 0 . T h is  a c id  i s  th e n
~ 32 -
c o n v e r te d  by a seco n d  ch ro m ic  a c id  o x id a t io n  (1 h r ,  a t  4 5 ^) 
i n t o  9 ,1 2 - d i0X0- o c ta d e c - t r a n s -1 0 - e n o ic  a c id  (3 5 )  i n  an  o v e r a l l  
y i e l d  o f  26%. I n  t h e  s y n th e s i s  o f  K o u h o u p t , t h e  o x o - o le ic  
a c id  (3 4 )  i s  n o t  i s o l a t e d  and  th o  two o x id a t io n s  a r e  c a r r i e d  
o u t c o n s e c u t iv e ly  t o  g iv e  t h e  u n s a tu r a te d  d io x o - a c id  (3 5 )  i n  
22% y i e l d .  H y d ro g e n a tio n  o f  (3 5 ) o v e r  a  p a l la d iu m /c a rb o n  
c a t a l y s t  a t  one a tm o sp h e re  a f f o r d e d  9 ,1 2 - d io x o s te a r i c  a c id
(3 6 )  (78%) w h ich  was q u a n t i t a t i v e l y  re d u c e d  by sodium  b o r o ­
h y d r id e  t o  9 ,1 2 - d ih y d r o x y s to a r ic  a c id  ( 3 7 ) .  C y c lo d e h y d ra t io n  
and  m é th y la t io n  w ere  a c h ie v e d  by b o i l i n g  w ith  7,5% m e th a n o lic  
s u lp h u r ic  a c i d .  The 9 ,1 2 - e p o : jy s te a r a te s  (3 8 )  v/ere i s o l a t e d  
i n  78% y i e l d  b y  p r e p .  TLC.
Tho s y n th e t i c  9 ,1 2 -e p o x id e s  (3 8 )  showed i d e n t i c a l  TLC 
and GLC b e h a v io u r  t o  t h a t  o f  th o  e t h e r  f r a c t i o n  i s o l a t e d  from  
t h e  l i n o l e a t e  r e a c t i o n ,  th u s  c o n f irm in g  t h a t  th e  p eak s  o f  ECLs 
2 1 ,3 4  and 2 1 ,6 6  (DEGS) a r e  th o  c i s  and t r a n s  iso m e rs  o f  th e  
t e t r a h y d r o f u r a n  r i n g  r a t h e r  th a n  d i f f e r e n t  p o s i to n a l  iso m e rs  
o r  c o m b in a tio n s  o f  1 , 4 -  and  1 ,5 -o p o x id o s ,  The s y n th e t i c  
e s t e r s  a l s o  e x h ib i t e d  t h e  same s p e c t r a l  p r o p e r t i e s  a s  f r a c t i o n  
C e x c e p t  f o r  th o s e  f ra g m e n ts  i n  th e  m ass sp e c tru m  w hich  a r o s e  
from  Iso m e rs  o t h e r  th a n  th e  9 ,1 2 ,
The m ass s p e c t r a  o f  ( 3 5 ) , ( 3 6 ) ,  t h e  d im e th y l e t h e r  o f  
t h e  m e th y l e s t e r  o f  (3 7 )  and  (3 8 ) a r e  o f  i n t e r e s t  and  a r e  
d is c u s s e d  m ore f u l l y  i n  t a b l e  8 below .
TABLE 8
The m ass s p e c t r a  o f  some o :cygenated  C^^ com pounds.
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>M ajo r p e a k s : 310 (2 0 , M ) ;  240 (3 , 80S (1 2 , ? ) ;
197 (1 7 , a ~ 4 3 )j  182 ( 6 ,  b ) ;  179 (1 1 , 7 ) ;
167 ( 6 ,  b - 1 5 ) ;  154 (1 4 , 7 ) ;  151 (1 5 , 7 ) ;
139 (1 0 0 , b -4 3 )  and  112 (9 2 , ç ) .
F rag m e n ts  a_and  b r e s u l t  from  M c C la f fe r ty  re a rra n g e m e n t 
and  b o th  r e a d i l y  l o s e  43 m ass u n i t s  (CH CO). F ragm en t c  i s  
th o  c e n t r a l  u n i t  r e m a in in g  a f t e r  two M c C la f fe r ty  re a r ra n g e m e n ts
a s  i n  a  and  b i . e . :  CH„COCH=CHCOCH_.o 3
2 , 9 ,1 2 -D iQ x o s to a r ic  a c i d .
a  * a  y
CH^ CO L c h ^ CO CH^ (C H ^)gC O gH
E d
td*
M ajo r p e a k s :  312 (1 2 , M ) ;  242 (4 3 , a ' ) ;  227 ( 5 ,  a ) ;
224 (3 4 , a ' - 1 8 ) ;  209 (2 9 , a - l C ) ;  199 (1 2 , a y 2 8 ) ;
185 (1 1 , 1 9 9 -1 4 ) ;  184 (7 4 , d ' ) ;  101 (3 7 , 7 ) ;
171 (4 4 , o ) ;  109 (5 0 , d ) 153 (1 2 , 0 - 1 8 ) ;
141 (4 9 , d -2 S ) ;  137 (3 8 , 1 4 1 -1 4 );  114 (1 0 0 , e )
and  113 (7 4 , b ) .
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F rag m en ts  a ,b ,c ^  and  d r e s u l t  from  a  c le a v a g e ;  and 
d* from  0 c le a v a g e  accom pan ied  by M c C la f fe r ty  r e a r r a n g e m e n t .  
F rag m en ts  a^ * # E. 2. l o s e  18 m ass u n i t s  (H^O), p resu m ab ly  
from  th e  a c id  f u n c t io n ,  v /h i l s t  and d l o s e  28 maos u n i t s  (CO) 
fo llo w e d  by 14 (C H -), F ragm ent e  i s  th e  c e n t r a l  u n i t  r e m a in -  
in g  a f t e r  two M c C la f fe r ty  re a r ra n g e m e n ts  a s  i n  and  .





chU ob^ ) ^ co^c i i
M ajo r p e a k s :  273 (1 0 , ; 241 (4 4 , a - 3 2 ) ;  209 ( 6 ,  aH54)}
201 (1 0 0 , c  and  d ) ;  169 (7 8 , c -3 2  and  d - 3 2 ) ;
137 (1 6 , c^"64 and ^ - 6 4 ) ;  127 (7 2 , b )  and
95 (3 0 , b “3 2 ) .
F r a c t io n s  a^,b,c^ and  d^  r e s u l t  from  0£ c le a v a g e  and e a c h
42c a n  th e n  lo s e  a f u r t h e r  32 o r  64 m ass u n i t s .
4 .  M eth y l 9 ,1 2 ~ e p o x y s te a r a te s .
M ajo r p e a k s : 227 (9 4 , a ) ;  209 (1 1 , a - 1 8 ) ; 195 (5 9 , a ~ 3 2 ) ;
200 ( 20 , c^); 177 (1 4 , a -5 0 )  ; 155 (1 0 0 , b > ; and  
137 (3 8 , b - 1 8 ) ;
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F rag m en ts  ^  and ^  r e s u l t  from  a  c le a v a g e  and s u b s e q u e n t ly  
l o s e  18 o r  32 m ass u n i t s .  The mechanismsfoy w h ich  18 m ass 
u n i t s  a r e  l o s t  and  fra g m e n t o a r i s e s  a r e  d is c u s s e d  on p ,  22 .
The s y n th e s i s  o f  m e th y l 9 ,1 2 - e p o x y o c ta d e o ~ 9 ,l l - d ie n o a te .
When 9 ,1 2 - d i o x o s te a r i c  a c id  (3 6 )  was e s t e r i f i o d  u n d e r  
m ild  c o n d i t io n s  (B F ^ -m e th a n o l) , a compound h a v in g  ECLs o f
2 1 .3  (DE(3S) and 1 8 .0  (ApL) and  s i m i l a r  p o l a r i t y  (TLC) t o  a
1 ,4 - e p o x id e ,  was i s o l a t e d  i n  50% y i e l d .  On th e  b a s i s  o f  
s p e c t r o s c o p ic  d a ta  (UV, IR , NMR a n d  MS), i t  was shown t o  
b e  th e  f u r a n o id  e s t e r  ( 3 9 ) ,
(3 9 )
T h is  compound i s  o f  i n t e r e s t  s in c e  M o rr is  h a s  r e p o r te d  
t h a t  i t  o c c u rs  t o  th e  e x t e n t  o f  11% i n  K xocarpus se e d  o i l  and  
i t  h a s  a l r e a d y  b e e n  s y n th e s i s e d  by E l i x  and  0 a r g e n t ^ ‘from  
f u r a n .  The s p e c t r o s c o p ic  p r o p e r t i e s  o f  th e  e s t e r  a r e  
d e t a i l e d  b e lo w ;
"^ X JIR —  3105 cm (-CH o f  f u r a n  r i n g ) ;  1570 and 1020 cm
( r i n g  b a n d s ) ,
UV—  ^  »  222 nm, €  = 9840max '  max
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NMR- S i n g l e t  a t  4*28?  (tw o  p ro to n s  o f  th e  x u ra n  r i n g ) ,  
MS-- The m ass s p e c t n m  o f  t h i s  e s t e r  was i d e n t i c a l  w ith  
t h a t  p u b l is h e d  by M o r r is ,  g iv in g  f ra g m e n ts  a r i ­
s in g  from  c le a v a g e  p t o  th e  r i n g .  T h ese  c an  
be  s t a b i l i s e d  by d é l o c a l i s a t i o n  o f  th e  p o s i t i v e  
c h a rg e  o v e r  th o  f u r a n  r in g  sy stem  ( o f  a  c le a v a g e  
from  th e  s a t u r a t e d  compound)* . The m ore im ­
p o r ta n t  p eak s  a r e  l i s t e d  b o low .
“ 3 « » 2 > 4 n, ÛL»
b
M-31 ^  ^  *
308 (3 2 ) 277 (9 )  165 (1 0 0 ) 237 (1 4 ) 96 (4 1 )
* T h is  i s  th e  f ra g m e n t a r i s i n g  from  d o u b le  p  c le a v a g e  w ith  
h y d ro g e n  t r a n s f e r  a s  i n  and
The fo rm a tio n  o f  t h i s  e s t e r  i n  an  a c id  c a t a ly s e d  r e a c t i o n  
o f  a  1 ,4 - d ik e to n o  i s  n o t  s u r p r i s i n g  s in c e  su ch  r e a c t i o n s  a r e  
a s ta n d a r d  m ethod f o r  t h e  p r e p a r a t i o n  o f  f u ra n s  and  a r e  o n ly  
l i m i t e d  by  th e  a v a i l a b i l i t y  o f  th e  1 ,4 - d ic a rb o n y l  com pound, 
[T h is  e s t e r  i s  named a s  m e th y l 9 ,1 2 -e p o x y o c ta d o c ~ 9 ,1 1 -d ie n o a te  
lund n o t  a s  a d e r i v a t i v e  o f  f u r a n ,  i n  o r d e r  t o  r e l a t e  i t  t o  
t h e  common lo n g  c h a in  m e th y l e s t e r s , ]
~ 37 -
A tte m p te d  s y n th e s i s  o f  a d ih y c lro fu ra n  e s t e r *
Sodium b o ro h y d r id e  r e d u c t io n  o f  th e  u n s a tu r a te d  d io x o -  
a c id  (3 5 ) l e d  t o  th e  fo rm a tio n  o f  9 , 1 2 -^ ih y d ro 3 cy o c tad eG - 
t r a n s - 1 0 -e n o ic  a c id  ( 4 0 ) ,
1L 1RCOCH=CIICOR *    ^  RCH(OH)CH=CHCK(OH)R *
(3 5 )  (4 0 )
A tte m p te d  c y o lo d e h y d r a t io n  o f  t h i s  a c id  l e d  to  a
p ro d u c t w hose UV sp e c tru m  showed c o n ju g a te d  t r i e n e  a b s o r p t io n
( '<^10%) b u t  whoso TLC b e h a v io u r  and NRÎR sp e c tru m  i n d i c a t e d  a
m ore com plex  m ix tu re  o f  com pounds. The e x p e c te d  d ih y d ro -
f u r a n  e s t e r  (4 1 )  c o u ld  n o t  bo  d e te c te d  ch ro m â to g r a p h ic a l ly ,
and  s in c e  i t  i s  known t h a t  c i s  e n e - d io l s  a r e  r e a d i l y  c o n v e r te d
t o  d ih y d r o f u r a n s ,^ ^  t h e  f a i l u r e  t o  a c h ie v e  t h i s  i s  e a s i l y
e x p la in e d  i n  te rm s  o f  th e  sh ap e  o f  th e  m o le c u le  w i th  i t s
t r a n s  d o u b le  bo n d .
(4 1 )
PART 3
AC ID ‘■CATALYSED CYCLISATIOH OP THE 9 ,1 0 ,1 2 -  AIID THE 9 ,1 2 ,1 3
TRIHYDROJCYSTEARIC ACIDS
-  38 
IIITROPUCTION
The f i n a l  s ta g e  i n  t h e  s y n th e s i s  o f  th e  9 ,1 2 -e p o x y ­
s t e a r a t e s  o u t l i n e d  i n  th o  p re v io u s  s e c t io n  in v o lv e d  th e  c y c l i  
s a t i o n  o f  a 1 ,4 -d ih y d ro x y  com pound:-
(3 7 )  (3 8 )
The somewhat in v o lv e d  s y n th e s i s  o f  th e  d i o l  (3 7 ) and
th e  e a s e  w ith  w h ich  i t  was c y o l i s e d  to  th e  1 ,4 - e p o x id e  (3 3 )
s u g g e s te d  t h a t  i t  m ig!it be  o f  i n t e r e s t  t o  i n v e s t i g a t e  th e
c y c l i s a t i o n ,  u n d e r  s i m i l a r  c o n d i t i o n s ,  o f  compounds c o n ta in in g
a 1 ,4 - d i o l  sy s tem  w h ich  m ig h t b e  m ore e a s i l y  o b ta in a b le *
E xam ples o f  su c h  compounds a r e  t h e  9 ,1 0 ,1 2 -  (4 4 ) and 9 ,1 2 ,1 3 -
t r ih y d r o x y  s t e a r i c  a c id s  (4 5 )  w hich  a r e  r e a d i l y  p r e p a re d  i n
s e v e r a l  s te r e o i s o m e r ic  fo rm s  fro m  m e th y l r i c i n o l e a t e  (4 3 )
and m e th y l 9 H h y d ro x y -o c ta d e c - c l 9 g re n o o t»  (4 3 ) r e s p e c t i v e l y ,  
^  ^ ______ / O W
(4 2 )  (4 4 )
/ “V
OH(4 3 )
Such compounds h av e  a l r e a d y  b e e n  p re p a re d  by v a r io u s
**" 39 *•
w o rk e rs  a n d , a l th o u g h  t h e i r  p h y s ic a l  and o p t i c a l  p r o p e r t i e s  
h av e  b e e n  s tu d i e d ,  no c h e m ic a l r e a c t i o n s  h av e  b e e n  in v e s t ig a te d *  
The 9 ,1 0 ,1 2  t r i o l s  (4 4 )  c o n ta in  a 1 ,4 - d i o l  sy s te m  and 
sh o u ld  c y c l i s o  to  y i e l d  e n d o c y c l ic  h y d ro x y  1 ,4 -e p o x id e s  (4 6 )  
w h i l s t  t h e  9 ,1 2 ,1 3  t r i o l s  (4 5 ) c o n ta in  1 , 4 -  and 1 ,5  d i o l s ,  
th e  fo rm er y i e l d i n g  e x o c y c l ic  h y d ro x y  1 ,4 -e p o x id e s  (4 7 )  and 






(4 7 ) (4 8 )
m
Each t r i o l  c o n ta in s  t h r o e  a sy n ije tr ic  c e n t r e s  w h ich  a r e
s i t u a t e d  a t  t h e  c a rb o n  atom s c a r r y in g  th e  s e c o n d a ry  h y d ro x y l
f u n c t io n s *  T h e re  a r e  t h e r e f o r e  8 p o s s ib l e  o p t i c a l  is o m e rs
o f  ea ch  s e t ,  b u t ,  s in c e  t h e  a b s o lu te  c o n f i g u r a t i o n s  o f  C (1 2 )
o f  m e th y l r l c i n o l e a t e  and  C( 9 )  o f  th e  is o m e r ic  e s t e r  (4 3 )
h a v e  b ee n  e s t a b l i s h e d ,^ ^  o n ly  f o u r  a r e  p o s s i b l e .  The f o u r
9 ,1 0 ,1 2  t r i o l s  h av e  b e e n  i s o l a t e d  by  K ass and R ad lo v e ,^®  and
47G unstone  and  M o rr is  h a v e  p r e p a re d  t h r e e  o f  t h e  fo u r  9 ,1 2 ,1 3  
t r i o l s .
— 40 —
The h y d r o x y te tr a h y d r o f u r a n s  (4 6 )  and (4 7 )  a l s o  h av e  
t h r e e  a s y ia n o tr ic  c e n t r e s  and  t h e r e f o r e  a g a in  8 i s o n e r s  
a r e  p o s s i b l e  t h e o r e t i c a l l y .  H ow ever, c h ro m a to g ra p h ic  
and  s p e c t r o s c o p ic  te c h n iq u e s  w i l l  n o t  d i s t i n g u i s h  
b e tw een  p a i r s  o f  o p t i c a l  i s o n e r s  and h en ce  n o t  m ore th a n  
f o u r  p ro d u c ts  c a n  b e  o b s e rv e d .
The a s y m é t r i e  c e n t r e  a t  0 (1 0 )  o r  C (1 3 ) w hich  s t i l l  
c a r r i e s  t h e  f r e e  h y d ro x y l f u n c t io n ,  and w hich  i s  u n l i k e l y  
to  b e  ch an g ed  i n  th e  c y c l i s a t i o n ,  c a n  be  rem oved by  o x i ­
d a t io n  to  th e  0X0 - e s t e r s  (4 9 )  and  ( 5 0 ) ,  T h e se  e s t e r s  
h av e  o n ly  two a sy m m etric  c e n t r e s  g iv in g  f o u r  p o s s ib l e  
o p t i c a l  iso m e rs  o f  w h ich  o n ly  two can  be d e t e c t e d ,  and  
th e s e  two w i l l  b e  t h e  c i s  and  t r a n s  iso m e rs  o f  t h e  t e t r a -  
h y d ro fu ra n  r i n g .
I f  th e  c y c l i s a t i o n  r e a c t i o n  i s  s t e r e o s p e c i f i c ,  th e n  
e a c h  t r ih y d r o x y  a c id  w i l l  p ro d u ce  a  s in g l e  h y d r o x y te t r a -  
h y d ro fu ra n  w h ich  w i l l  b e  o x id i s e d  t o  a  s i n g l e  o x o t o t r a -  
h y d ro fu ra n  ( c i s  o r  t r a n s ) . A tte m p ts  t o  d e k e to n a te  th e s e  
p ro d u c ts  to  th e  9 ,1 2 -e p o x id e s  (3 8 )  w ore u n s u c c e s s f u l .  
O th e r  e x p e r im e n ts  w h ich  w ere  u s e f u l  i n  d e te rm in in g  th e  
a b s o lu te  c o n f i g u r a t i o n s  o f  t h e  h y d ro x y -  and o x o t e t r a -  
h y d ro fu ra n s  and  i n  u n d e r s ta n d in g  th e  m echanism  o f  t h e  
c y c l i s a t i o n  p r o c e s s  a r e  d i s c u s s e d  l a t e r .
-  41 —
O H
  ,JN
(4 6 ) 49)
OH
(4 8 ) (6 0 )
o
PREPARATION OF THE TRIIIYDROXYSTE/UilC ACIDS
M ethy l r i c i n o l e a t e  was o b ta in e d  from  th e  m ixed e s t e r s
o f  c a s t o r  o i l  by colum n ch ro m a to g rap h y  and m e th y l 9-h y d ro3jy -
o c ta d e c - "C ls*"I2~enoate was p re p a re d  from  th e  a c id s  o f  S ,
c o u rm o n ti i  s e e d  o i l  by p a r t i t i o n  b e tw een  p e tro le u m  and 80%
 ^ 47aq u eo u s m e th a n o l,
*The tv/o e r y th r o  9 ,10^  1 2 H :r ih y d r o x y s te a r ic  a c id s  w ere
p re p a re d  from  r i c i n o l e i c  a c id  by low te m p e ra tu re  a l k a l i n e
perm anganav^ o x id a t io n  w h i l s t  p e r fo rm ic  a c id  o x id a t io n
48a c c o rd in g  t o  th e  m ethod o f  Sv/ern a f f o r d e d  th e  two th r e o  
a c i d s .  Each p a i r  o f  a c id s  was i n i t i a l l y  s e p a r a te d  by 
t h e i r  d i f f e r i n g  s o l u b i l i t i e s  i n  c h lo ro fo rm , an d , i n  e a c h  c a s e ,
42
t h e  h ig h e r  m e l t in g  iso m e r  was p u r i f i e d  by s u c c e s s iv e  r e c r y s t ­
a l l i s a t i o n s  from  a p p r o p r i a t e  s o lv e n t s .  The c o n c e n t r a te  o f  
low  m e l t in g  iso m e r  re m a in in g  i n  th e  m o th er l i q u o r s  was th e n
m e th y la te d ,  p u r i f i e d  on  s i l i c a  TIX), and s e p a r a te d  from  t r a c e s
on
o f  h ig h  m e l t in g  iso m e r  by prep.T LC  l a y e r s  o |t s i l i c a  im p re g ­
n a te d  w ith  sodium  a r s e n i t e  (1 0 % ).^^  A lk a l in e  h y d r o ly s i s  o f  
t h e  more p o la r  a r s e n i t e  com plex^^ a f f o r d e d  th e  low  m e l t in g  
a c id  w hich  was f i n a l l y  r e c r y s t a l l i s e d  from  aq u eo u s e th a n o l .
P e rm an g an a te  o x id a t io n  o f  9 -h y d ro x y o c ta d 0 c - c i s - 12 -o n o io  
a c id  l ik e w is e  g av e  th e  e r y th r o  9 ,1 2 ,1 3 - t r i h y d r o x y s t e a r i c
a c id s  w hich  w ere  s e p a r a te d  a s  o u t l i n e d  by G u n sto n e  and
47M o r r is ,  E p o x id a t io n  o f  m e th y l 9 -a c G to x y -o c ta d e o - c i s - 1 3 -  
e n o a to  fo llo w e d  by o p e n in g  o f  t h e  epo3cy r in g  w ith  a c e t i c  a c id  
and  a l k a l i n e  h y d r o ly s i s  o f  th e  r e s u l t i n g  d iao e to x y m o n o h y d ro x y - 
e s t e r s ,  f u r n i s h e d  th e  m e th y l th r e o  9 ,1 2 ,1 3 - t r i h y d r o x y s to a r a t e o  
w h ich  w ere  s e p a r a te d  on  sodium  a r s e n i t e  TLC to  g iv e  th e  two






-CH( OAc)CH( OH)CH CH CH( OH) 
(CH) (OAc)
NaOMe
th r e o
“CH( OH)CH( OH)CH CH CH(OH)- z  z
th r e o
-  43 -
The te rm s  e r y th r o  and  th r e o  r e f e r  t o  t h e  r e l ­
a t i v e  c o n f ig u r a t io n s  o f  th e  v i c i n a l  d i o l  
f u n c t io n  in t r o d u c e d  i n t o  th e  m o le c u le  by 
h y d r o x y la t i o n •
48The f a i l u r e  o f  no rm al p ro c e d u re s  f o r  th e  
p r e p a r a t i o n  o f  th e  th r e o  9 ,1 2 ,1 3 - t r ih y d r o x y -  
s t e a r i c  a c id s  and  th e  p o s s ib l e  r e a s o n s  f o r  
t h e s e  f a i l u r e s  a r e  d is c u s s e d  m ore f u l l y  i n  
t h e  s e c t i o n  d e a l in g  w ith  r e a c t i o n s  o f  ep o x y ­
e s t e r s .
CYCLODEHYDRATION REACTIONS.
1 . C y o lo d e h y d ra t io n  o f  th e  th r e o  and e r y th r o  p a i r s  o f  th e
9 ,1 0 ,1 3 - t r i h y d r o x y s t e a r i c  a c i d s .
I n i t i a l  c y o lo d e h y d r a t io n  r e a c t i o n s  w ere c a r r i e d  o u t  on 
u n s e p a ra te d  p a i r s  o f  iso m e rs  i n  o r d e r  t o  g a in  in f o r m a t io n  aS 
to  th e  g e n e r a l  n a tu r e  o f  t h e  p ro d u c ts  b e f o r e  p ro c e e d in g  to  
r e a c t i o n s  o f  th e  i n d i v i d u a l  a c id s *
The c y o lo d e h y d r a t io n  p r o d u c ts  from  th e  9 ,1 0 , 1 2 - t r i ­
h y d ro x y  s t e a r i c  a c id s  w ere  exam ined  by GLC ( t a b l e  10) and 
TLC ( f i g u r e  1 ) .  P rep,TLC  o f  th e  p ro d u c ts  u s in g  m u l t i p l e  
d ev e lo p m en t e n a b le d  TLC s p o ts  t o  b e  c o r r e l a t e d  w ith  GLC p eak s  
and  th e  r e s u l t s  c l e a r l y  show t h a t  th e  two iso m e rs  w i th  th e  
same ECL o f  2 2 .2  e a s i l y  s e p a r a t e  on TLC*
— 44 —
TABLE 10*
M ixed a c id  iso m e rs
E r y th ro  p a i r
T h reo  p a i r
ECLs o f  p ro d u c ts  (PEGS) A rea(% )
»
a s  t r i m e t h y l s i l y l e t h e r o
22.0 
2 2 .2  
2 2 .6
22.0  








A l l  ECLs i n  t h i s  s e c t i o n  r e f e r  t o  DEGS colum ns and 
h y d r o x y e s te r s  w ere  a lw ay s  ru n  a s  t h e i r  t r i m e t h y l -  
s i l y l  d e r i v a t i v e s .
Owing t o  t h e  o v e r la p p in g  n a tu r e  o f  t h e s e  p e a k s ,  th e  
f i g u r e s  i n  t h i s  colum n a r e  a p p ro x im a te .
F ig u re  1 . TLC (PE75) o f  t h e  c y o lo d e h y d ra t io n  p r o d u c ts  from  
t h e  9 ,1 0 ,1 2 - t r i h y d r o x y s t e a r i c  a c i d s .
1 . 9,10diO H  1 0 :0
2 . E ry th ro  p ro d u c t
3 .  T h re o  p ro d u c t
4 .  120H 9c
— 45 —
The g r o s s  s t r u c t u r e  o f  e a c h  p ro d u c t was d e te rm in e d  by  
c o n v e r s io n  o f  t h e  h y d ro x y  e s t e r s  t o  t h e i r  m e th y l e t h e r s  
fo llo w e d  by m ass s p e c t ro m e try  o f  th e  p u r i f i e d  m ethoxy 
d e r iv a t iv e s *  The GLC b e h a v io u r  o f . th e  m e th y l ethers i s  
summarised i n  t a b l e  11 ,
TABLE 11
M ixed a c id  iso m e rs  ECLs o f  m e th y l e t h e r s  A rea
E ry th ro  p a i r
T h reo  p a i r











NB. The GLC e v id e n c e  h e r e  a l s o  i n d i c a t e s  th e  p re s e n c e  
o f  f o u r  d i f f e r e n t  p ro d u c ts  o f  ECLs 2 4 .1 ,  2 4 .2 ,
2 4 .4  and  2 4 .6 ,
The m ass s p e c t r a  o f  t h e  two s e t s  o f  p r o d u c ts  w ere  v e ry  
s i m i l a r  and o n ly  t h a t  from  th e  e r y th r o  iso m e rs  w i l l  b e  d i s ­
c u s s e d .
No m o le c u la r  io n  p eak  was o b se rv e d  b u t  t h e r e  was a 
s i g n i f i c a n t  p eak  a t  m /e  311 i n d i c a t i n g  a m o le c u la r  w e ig h t
•• 46 "
o f  342 w hich  was c o n s i s t e n t  w ith  th e  r e s u l t s  o b ta in e d  from  
c o m b u s tio n  a n a l y s i s .  P eaks a t  310 and 279 (M-32 and M-63) 
showed th e  p r e s e n c e  o f  a  m e th y l e s t e r  and a  m e th y l e t h e r  
group* E x a m in a tio n  o f  t h e  f r a g m e n ta t io n  p a t t e r n  demon* 
s t r a t e d  t h a t  t h e  p ro d u c t  was a  m ix tu re  o f  is o m e r ic  m e th y l
9 ,1 2 -e p o x y -1 0 -m e th o x y s te a ra te 8  ( 5 1 ) ,  (T a b le  12)
^ -3 2  




193 (9 ) 156 (6 2 )
b -3 2  
124 (100)
The r e l a t i o n s h i p  b e tw een  th e  p eak s  o f  m ass 156 and 
124 was c o n f irm e d  by  th e  p re s e n c e  o f  a  l a r g e  m e ta s ta b le  
peak  a t  m /e 9 0 ,7  and  a p ro p o se d  m echanism  f o r  t h e  fo rm a tio n  
o f  io n  b i s  o u t l i n e d  b e lo w :-




(MeOH) S « 1 6
m /e 124
-  47 -
T he o r i g i n a l  h y d r o x y e s te r s  w ere  t h e r e f o r e  t h e  m e th y l 9^ 
1 2 -o p o x y -1 0 -h y d ro 3 îy s te a ra te s  (4 6 )  w hich  m ust h av e  b e e n  form ed 
by c y o lo d e h y d r a t io n  o f  t h e  l ,4 - - d io l  sy stem  a s  i n d i c a t e d  i n  
th e  i n t r o d u c t i o n  to  t h i s  s e c t i o n .
ON
(4 6 )
O x id a tio n  o f  th e  h y d r o x y e s te r s  (4 6 ) w ith  chrom ium  
t r i o x i d e  i n  pyrid ine*^^  a f f o r d e d  th e  1 0 - o x o - e s te r s  (4 9 )  whose 
s t r u c t u r e  was l ik e w is e  c o n firm e d  by s p e c t r o s c o p ic  and 
c h ro m a to g ra p h ic  m e th o d s .
(4 9 )
The IE  sp e c tru m  o f  t h e s e  compounds showed two a b s o r p t io n s  
i n  th e  c a rb o n y l  r e g io n  a t  1740 ( e s t e r )  and 1750 cm , The 
seco n d  f ig u r e  a g re e s  w ith  th e  v a lu e  q u o te d  f o r  an  oxo g ro u p  
i n  a  f i v e  membered r i n g ,  ' The GLC b e h a v io u r  o f  t h e s e  e s t e r s  
i s  shown bo lo ir,/
M ixed a c id  is o m e rs  
E r y th ro  p a i r
T h reo  p a i r
TABLE 13











T hose  tv/o p a i r s  o f  otnapounds w ere  c h ro m a to g ra p h io a l iy  
and  s p e c t r o s c o p i c a l l y  i d e n t i c a l  and th e  com ponents o f  e a c h  
p a i r  c o u ld  n o t  bo s e p a r a te d  i n  any  way* T h ese  t h e r e f o r e  
m ust be  c i s  and  t r a n s  iso m e rs  o f  th e  t e t r a h y d r o f u r a n  r i n g ,  
s i n c e . a f t e r  o x id a t io n ,  a sy m m etric  c e n t r e s  re m a in  o n ly  a t  C (9 )  
and  C(r2).
The m ass s p e c tru m  o f  th e  o x o - e s t e r s  d e r iv e d  from  th o  
th r e o  9 ,1 0 ,1 2 - t r ih y d r o x y  a c id s  c o n firm e d  a m o le c u la r  w e ig h t 
o f  326 Y /ith p e a k s  a t  326 and  295 (M -31). The sp e c tru m  was 
d o m in a ted  by a p eak  o f  m /e 15 5 , and a p o s s ib l e  m echanism  f o r  
i t s  fo rm a tio n  i s  shown b e lo w ,
r d ^  G H ^ (C H g )g !^ ^ (C H g )^ C O g O M g
Jf^ ° +----------^  +  H O .CH (C H g)^CO gC H g
m /e 187
The p eak  a t  m ass 187 th e n  l o s e s  32 m ass u n i t s  (MeOH) 
t o  g iv e  th o  f ra g m e n t o f  m ass 1 5 5 , T h is  t r a n s i t i o n  i s  c o n ­
f irm e d  by th e  p r e s e n c e  o f  a  m e ta s ta b le  peak  a t  m /e 1 2 8 ,5  
and th e  a c c u r a te  m ass m easurem ent g iv e s  a m o le c u la r  fo rm u la  
o f  CgH^gO . (P ound , 1 5 5 ,1 0 7 3 3 3 ; c a l c ,  f o r
1 5 5 .1 0 7 1 9 8 .)
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A tto n p ts  t o  c o n v e r t  t h e  oxo g ro u p  to  a m e th y le n e  f u n c t io n
53e i t h e r  by r e d u c t io n  o f  i t s  to s y lh y d ra z o n e  o r  by W o lf f -
54K is« h n e r  r e d u c t io n  f a i l e d .  T h is  f a i l u r e  i s  p ro b a b ly  due 
to  th e  i n s t a b i l i t y  o f  th e  t e t r a h y d r o f u r a n  r i n g  u n d e r  th e  
r e a c t i o n  c o n d i t io n s  em p lo y ed .
2 , C y o lo d e h y d ra t io n  o f  th e  in d iv id u a l  9 ,1 0 .1 2 - t r ih y d r o x y -
s t e a r i c  a c i d s .
The GLC and TLC b e h a v io u r  o f  th e  c y o lo d e h y d ra t io n  
p ro d u c ts  and  t h e i r  o x id i s e d  d e r i v a t i v e s  a r e  g iv e n  be low  i n  
t a b l e  14 and  f i g u r e s  2 and  3 r e s p e c t i v e l y .  The t r i h y d r o x y  
a c id s  a r e  d e s ig n a te d  i n  ea ch  c a s e  a c c o rd in g  t o  t h e i r  
m e l t in g  p o i n t s ,
TABLE 14
M .P, o f  a c id  ( C)
110 -  112 
136 -  137
8 4 .5  -  86 
1 0 8 .5  -  110
ECLs o f h y d ro x y
te t r a h y d r o f u r a n s
2 2 ,2 ,  22.6'*' (73%)
• 2 2 .0 .  (77%) 
2 2 .0 ,  22.2*^* (70%)
2 2 .6  (72%)
ECLs o f  0 X 0 -  
t e t r a h y d r o f u r a n s
2 7 .3  (48%)
2 6 .0  (29%)
2 6 ,8  (39%)
2 7 .3  (41%)
N o te s -  1 .  The f i g u r e s  i n  b r a c k e t s  r e f e r  t o  th e  y i e l d s  
a s  d e te rm in e d  by  p r e p ,  TLC,
*2 , The p e r c e n ta g e  a r e a s  o f  t h e s e  two com ponents 
w ere  90 and  10 r e s p e c t i v e l y .
**3 , The a r e a s  i n  t h i s  c a s e  w ere 33% and  66%,
4 ,  E ach o x o - e s t e r  was accom panied  by  a  s m a ll  
am ount ( 'v  5%) o f  th e  o t h e r .
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F ig u re  2 . TLC (PE75) o f  th e  m e th y l 9 ,1 2 -ep o x y -X O -h y d ro x y  
s t e a r a t e s  (4 6 )  from' th e  c y o lo d e h y d r a t io n  o f  th e  9 ,1 0 ,1 2 -
t r i h y d r o x y s t e a r i c  a c i d s .
1 .  9 ,1 0  diOH 1 8 :0
2 . P ro d u c t from  a  a c id
3 . P ro d u c t from  p a c id
4 .  P ro d u c t from  3  a c id
5 . P ro d u c t from  Ô a c id
6 . 120H Go,
a
L J 2 2 .6
I J 2 2 .02 2 .2
22.0
[ F ig u re s  b e s id e  s p o t s  r e f e r  t o  ECLs o f  m a t e r i a l  r e c o v e re d  
from  a  p re p .T IC  p l a t e ]
-  51
F ig u re  3» TLC (PE46) o f  th e  m e th y l 9 , la -e p o sc y - lO -o z c o s te a ra te s  
(4 9 )  p r e p a re d  by o x id a t io n  o f  t h e  c o r re s p o n d in g  1 0 "-hydroxy-
e s t e r s ♦
120H 9c
2 , 3 , 4 , 5 .  a s  f i g u r e  2
2 7 .3 2 6 .86 . m e th y l 9 ,1 2 -e p o x y ­
s t e a r a t e s .
(4 9 )
Ono p a i r  o f  t h e s e  o % o -e s te rs  v / i l l  foe th e  ieom ürS
I t  i s  b e l i e v e d  t h a t  th e  ci4â igom&rand th o  o th e r  trans
^ 52 -
h a s  a  lo w e r ECL th a n  th e  t r a n s  iso m er f o r  tw o m ain  r e a s o n s ^ -
1 . I t  h a s  b ee n  shown by b o th  p r a c t i c a l  m ethods and
57t h e o r e t i c a l  c a l c u l a t i o n s  t h a t  t h e  lo w e r b o i l i n g  
1 ,3 -d im e th y l  c y c lo p o n ta n o  h a s  t h e  c i s  c c n m t . 
T h is  iso m e r  w i l l  th e n  h av e  a lo w er ECL on a  GLC 
co lum n,
2 , M â h û llo v ic  e t  a l ? ^ ’’^ o ^ ta in e d  th e  iso m e r  o f  lo w er
ECL o n ly ,b y  Raney N ic k e l  h y d ro g e n a t io n  o f  th e  
c o r re s p o n d in g  f u r a n  d e r i v a t i v e s .  I t  i s  u n l i k e l y  
t h a t  su ch  a h y d ro g e n a t io n  p ro c e s s  w ould  y i e l d  
o n ly  a t r a n s  iso m e r  and so  th e y  a s s ig n e d  th e  c i s  
c o n f i g u r a t i o n  t o  th e  iso m e r  w i th  t h e  lo w e r ECL,
A d d i t io n a l  e v id e n c e  c o n f irm in g  t h i s  b e l i e f  comes from  
a  know ledge o f  t h e  m echanism  o f  th e  r e a c t i o n  and  o f  th e  
a b s o lu te  c o n f ig u r a t io n s  o f  t h e  t r ih y d r o x y a c id s .  T h is  i s  
d i s c u s s e d  m ore f u l l y  i n  t h e  s e c t i o n  d e a l in g  w ith  t h e  m echanism  
o f  t h e  c y c lo - d e h y d r a t io n  p r o c e s s ,
3 , C y o lo d e h y d ra tio n . o f  th e  t h re o  and  e r y th r o  p a i r s  o f  th e
9 ,1 2 ,1 3 - t r i h y d r o x y s t e a r i c  a c i d s ,
By an  a n a lo g o u s  p r o c e s s  t o  t h a t  o u t l i n e d  f o r  th e  9 ,1 0 ,
12 s e r i e s ,  c y o lo d e h y d r a t io n  o f  t h e  9 ,1 2 ,1 3 - t r i h y d r o x y s t e a r i c  
a c id  p a i r s  l e d  t o  1 3 -h y d ro x y  ( 4 7 ) ,  13-m ethoxy ( 5 2 ) ,  and 1 3 -  
oxo (6 0 )  9 ,1 2 - e p o x id e s ,  The s t r u c t u r e s  o f  th e  l a s t  two w ero
-  53  -






The com bined GLC d a ta  f o r  t h e s e  compounds i s  g iv e n  b e lo w  
i n  t a b l e  15»
TABLE 15
E r y th r o  p a i r
2 1 ,7  (100%)
T h re e  p a i r
2 1 ,7  (50%) 
2 1 .9  (50%)ECLs o f  h y d ro x y '- e s te r s  
ECLs o f  m ethoxy ""e s te rs  
ECLs o f  o x o ^ e s te r s .
The f i g u r e s  i n  b r a c k e t s  r e f e r  t o  p e r c e n ta g e  a r e a s .
2 3 .7  (100%)
2 7 ,0  (50%) 
2 7 .2  (50%)
2 3 .7  (50%)
2 4 .0  (50%)
2 7 .0  (50%) 
2 7 .2  (50%)
No s e p a r a t i o n  o f  h y d ro x y - is o m e rs  i n  e a c h  p a i r  was 
o b se rv e d  on s i l i c a  TLC, a l th o u g h  th e  th r e o  p a i r  w ere  s l i g h t l y  
l e s s  p o la r  th a n  th e  e r y t h r o . The m ass s p e c t r a  o f  compounds 
(5 2 )  and (5 0 ) gave s i m i l a r  f r a g m e n ta t io n  p a t t e r n s .  T h e ir  
r e s p e c t i v e  m o le c u la r  w e ig h ts  (342 and 326) w ere  c o n firm e d  
by p eak s  a t  311 and  295 (M -3 1 ), The m a jo r p eak s  a r e  l i s t e d
f o r  e a c h  e s t e r  i n  t a b l e  1 6 .
~ 54
TABLE 16
b~18 b -3 2  b -5 0
177 (1 6 )
X = 0 ; 99 (2 8 )  227 (9 2 )  208 (2 1 ) 1 9 5 (1 0 0 ) 177 (3 3 )
X«OCM^; 115 (2 0 ) 227 (1 0 0 ) 209 (1 0 )  1 9 5 (7 7 )
Norm al b reakdow n o f  an  u n s u b s t i t u t e d  1 ,4 - e p o x id e ,
I n  a d d i t i o n  t o  t h e  m ass s p e c t r a l  d a t a ,  t h e  o x o - e s t e r
(5 0 )  showed a b s o r p t io n  i n  th e  IR sp e c tru m  a t  1710 cm ^ ( o f ,  
t h e  e n d o c y c l ic  ozco g ro u p  a t  1750 cm ) w hich  i s  t h e  no rm al 
v a lu e  f o r  an  a c y c l i c  k e to n e .
T h e re  was no e v id e n c e  a t  any s ta g e  f o r  th e  p re s e n c e  
o f  a h y d ro x y to tr a h y d ro p y ra n  e s t e r  and  th e  r e a s o n s  f o r  t h i s  
a r e  n o t  known.
4 ,  C y o lo d e h y d ra t io n  o f  th e  i n d iv id u a l  9 |1 2 .3 ^ 3 - tr ih y d ro .x y -
s t e a r i c  a c i d s .
T a b le s  17 and  f i g u r e  4 show th e  GLC and TLC b e h a v io u r  
o f  th e  c y o lo d e h y d r a t io n  p r o d u c ts  and t h e i r  o x id i s e d  d e r i v a ­
t i v e s ,  The t r ih y d r o x y a c id s  a r e  l i s t e d  a c c o rd in g  t o  t h e i r  
m e l t in g  p o i n t s .
o.M .p . o f  a c id s  C
-  55 -
TABLE 1 7 ,
ECLc o f  hydrozgr-" 
t e t r a h y d r o f u r a n s
EGLS 0>f 0X0 ~ 
t e t  r a h y d ro fu ra n s
101 -  103 2 1 .7 (79%) 3 7 .0 (32%)
148 -  ISO 2 1 .7 (80%) 2 7 .2 (33%)
87 -  8 8 .5 2 1 .7 (80%) 2 7 .0 (31%)
2 1 .9 (78%) 2 7 .2 (31%)
The f ig u r e s  i n  b r a c k e t s  r e f e r  t o  p e rc e n ta g e  y i e l d s .
F ig u re  4 .  TLC (PE60) o f  th e  m e th y l 9 ,12^epo% y-13~hydroxy ' 
s t e a r a t e s  (4 7 )  from  th e  c y o lo d e h y d ra t io n  o f  th e  9 ,1 2 ,1 3
t r i h y d r o x y s t e a r i c  a c id s
1^6 a s  f i g ,  2
2 , p ro d u c t  from  a c id
HI.p. 102%
3 , p ro d u c t  from  a c id
rn .p . 148%
4 , p ro d u c t  from  a c id
# . p .  88%




The 0X0 - e s t e r s  (5 0 )  d id  n o t  show any d i f f e r e n c e s  i n  
p o l a r i t y  on TLC*
MECIiANISM Aim STEREOCHEMISTRY OF THE CYCLODBHYDRATION REACTIONS
As th e  te rm  " c y o lo d e h y d ra t io n "  i m p l i e s , th e  o v e r a l l
r e a c t i o n  w h ich  o c c u r s  i s  th e  l o s s  o f  a  m o le c u le  o f  w a te r  from
t h e  t r ih y d r o x y a c id s  (4 4 )  and  (4 5 ) accom pan ied  by c y c l i s a t i o n
to  t h e  h y d r o x y te tr a h y d r o f u r a n s  (4 6 )  and  ( 4 7 ) .






I n  o r d e r  t o  ded u ce  th e  s te r e o c h e m is t r y  o f  th e  c y c l i c  
e t h e r s  (4 6 ) and  ( 4 7 ) ,  t h e  m echanism  o f  th e  c y o lo d e h y d ra t io n  
p r o c e s s  m ust b e  known a n d , a s  e l a b o r a t i o n s  o f  t h e  s im p le  
m echanism  shown ab o v e , two f a c t o r s  m ust be  ta k e n  i n t o  c o n ­
s i d e r a t i o n :  -
i  . I s  t h e  subatltw ta tC A  r e a c t i o n  u n im o le c u la r  (SN^) 
o r  b im o le c u la r  (SN ^)? 
i i  , W hich h y d ro x y  f u n c t io n  a c t s  a s  a l e a v in g  g ro u p  and 
w h ich  i s  t h e  a t t a c k i n g  n u c le o p h i le ?
r  57 -
E ach  o f  t h e s e  q u e s t io n s  w i l l  be  c o n s id e re d  s e p a r a t e l y  
i n  th e  d i s c u s s io n  t h a t  f o l lo w s .
i. The m o le c u la r i ty  o f  t h e  r e a c t i o n .
U nder th e  s t r o n g ly  a c i d i c  c o n d i t io n s  o f  r e a c t i o n ,  th e  
m ost l i k e l y  i n i t i a l  s t e p  w i l l  b e  p r o to n a t io n  o f  one o r  more 










The protonatod i n t e r m e d ia t e s  (5 3 ) and (5 4 )  c a n  th e n  
u n d erg o  f u r t h e r  r e a c t i o n  i n  two d i f f e r e n t  w ays. F i r s t l y ,  
i n  a non '-'Synchronous o r  SN^ p r o c e s s ,  a m o le c u le  o f  w a te r  i s  
l o s t  g iv in g  r i s e  t o  ca rb o n iu m  io n s  (5 5 )  and (5 6 ) w hich  su b ­
s e q u e n t ly  c y c l i s e  t o  th e  h y d r o x y te tr a h y d r o fu r a n s  (4 6 )  and 









OH (5 4 )
"H.f
o w (4 7 )
-%
In  th e  seco n d  c a s e ,  t h e  p r o to n a te d  h y d ro x y  g ro u p  c a n  b e








(4 7 )(5 4 )
The m a jo r  s te r e o c h e m ic a l  d i f f e r e n c e  b e tw een  th e s e  two
p r o c e s s e s  i s  t h a t  i n  an  SN_ m echanism , i n  th e  a b se n c e  o f  a
c o n f i g u r a t i o n  h o ld in g  g ro u p  , r a c é m is a t io n  o c c u r s  a t  th e
c e n t r e  o f  a t t a c k  w h i l s t  i n  an  SN_ p r o c e s s ,  i n v e r s i o n  o f
I t  i s  c o n s id e re d  u n l i k e l y  t h a t  th e  h y d ro x y  f u n c t io n  a t
C (10) o r  C (13 ) c a n  a c t  a c o n f ig u r a t io n  h o ld in g  g ro u p
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c o n f i g u r a t i o n  ta k e s  p l a c e .  I n  th e  c a s e  o f  an  SN^ m echanism  
o p e r a t in g  t h e r e f o r e ,  two h y d r o x y te tr a h y d r o fu r a n s  can  h e  o b ­
t a i n e d  from  one a c id  w h ereas  an  SH2 p ro c e s s  c a n  o n ly  a f f o r d  
o n e , E x p e r im e n ta l  e v id e n c e  shows ( t a b l e s  14 and  17) t h a t  
o n ly  one iso m e r  i s  form ed i n  n e a r ly  e v e ry  c a s e  and  so  
r e a c t i o n  o c c u r s  v i a  a n  SN^ m echanism . F u r th e rm o re ,  th e  
u s e  o f  m odels h a s  shown t h a t  1 ,4 -e p o x id e s  w hose j u n c t i o n  
c a rb o n  a tom s h av e  th e  same a b s o lu te  c o n f ig u r a t io n s  ( e , g ,  
9 R ,,p l2 R )  w i l l  b e  t r a n s  and  th o s e  w ith  o p p o s i te  c o n f ig u r ­
a t i o n s  w i l l  b e  c i s  i s o m e r s .  An SN^ m echanism  w i l l  l e a d  
t o  one c i s  and one t r a n s  h y d r o x y te tr a h y d r o fu r a n  w h ich  w i l l  
b e  o x id i s e d  [w ith  e l i m i n a t i o n  o f  th e  a sy m m etric  c e n t r e  a t  
C (1 0 ) o r  C (1 3 ) ]  t o  tw o 0x0 e s t e r s  w h i l s t  an  SN„ m echanism  
w ould  g iv e  e i t h e r  a c i s  o r  a  t r a n s  iso m e r w h ich  w ould 
y i e l d  o n ly  one 0x0 e s t e r  o n  o x id a t io n .  T a b le s  14 and 17 
show t h a t  o n ly  one 0x0 e s t e r  i s  p ro d u ced  i n  e a c h  c a s e ,  
a g a in  i n d i c a t i n g  a n  SN^ m echanism ,
i i .  The p o s i t i o n  o f  a t t a c k ,
C y c lo d e h y d ra t io n  o f  th e  9 ,1 0 ,1 2 - t r i h y d r o x y s t e a r i c  
a c id  m ,p , 85°C a f f o r d s  two h y d r o x y te tr a h y d r o fu r a n s  and 
th e s e  two h y d r o x y e s te r s  a r e  o x id is e d  t o  one o x o - e s t e r  (ECL 
2 6 .8 ) ,  The two h y d r o x y e s te r s  a r e  t h e r e f o r e  b o th  eiai 
iso m e rs  and  th e y  m ust b e  t h e  p ro d u c ts  o f  two s e p a r a t e  SH^ 
p r o c e s s e s .
-G O  -
T hose two r e a c t i o n s  m ust d i f f e r  a s  to  th e  p o s i t i o n  o f  
t h e  d i s p la c e d  h y d ro x y  g ro u p  [ i . e .  w h e th e r  i t  i s  a t  C (9 ) o r  
0 ( 1 2 ) ]  b u t  t a b l e s  14 and  17 show t h a t  i n  a l l  o th e r  c a s e s  o n ly  
one h y d r o x y te tr a h y d r o fu r a n  i s  p ro d u ced  and t h a t  t h e r e f o r e  
one o f  th e s e  two SN^ p r o c e s s e s  p re d o m in a te s .
I n  o r d e r  to  d i s t i n g u i s h  b e tw een  th e s e  two p r o c e s s e s ,  
u s e  was made o f  two a d d i t i o n a l  p ie c e s  o f  e v id e n c e : -
( a )  E x p e r im e n ta l  e v id e n c e  g a in e d  from  r e a c t i o n s  o f  c e r t a i n
epoxy e s t e r s ,
(b )  A t h e o r e t i c a l  a rgum en t c o n c e rn in g  th e  n a tu r e  o f  th e
p r o to n a to d  in t e r m e d i a t e .
The r e s u l t s  and  c o n c lu s io n s  o b ta in e d  f o r  e a c h  s e t  o f  
t r i o l s  w ere d i f f e r e n t  and  f o r  t h i s  r e a s o n  th e y  w i l l  be 
d is c u s s e d  s e p a r a t e l y .
The 9 ,1 0 ,1 2 - t r i h y d r o x y s t e a r i c  a c i d s ,
( a )  B ecau se  th e  a b s o lu te  c o n f i g u r a t i o n  o f  each  t r i h y d r o x y -  
a c id  i s  know n^^ ''^^ , i t  i s  p o s s i b l e  t o  s e t  o u t th e  p ro d u c ts  
o b ta in e d  from  e a c h  SN^ m echanism  (T a b le  1 8 ) ,
TABLE 1 0 ,
A b s o lu te  c o n f i g u r a t i o n  o f  th e  A b s o lu te  c o n f ig u r a t io n  o f  th e
t r i h y d r o x y s t e a r i c  a c id s  (m ,p ,^ C ) h y d r o x y te tr a h y d r o fu r a n s  (4 4 )
A  6E r y th r o ,
98 lOU 1211 (1 1 1 ) 9R lOR 12R ( t r a n s )  98 lOR 128
9R 108 12E (1 3 7 ) 9S 108 12R ( c i s )  9R 108 128
T h re e ,
9R io n  1.2R (8 5 )  98 lOR 12R ( c i s )  9R lOR 128
98 108 12R (1 0 9 ) 9R 108 12R ( t r a n s )  98 108 128
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Column A r e f e r a  t o  d is p la c e m e n t ( i » e ,  i n v e r s io n )  a t  0 ( 9 )  and 
B to  d is p la c e m a n t a t  C (1 2 ) .
In  o r d e r  t o  d e c id e  betvveeen th o s e  two p o s s i b i l i t i e s ,  a 
m odel sy s tem  i n  w hich  i n v e r s i o n  was fo rc e d  t o  o c c u r  a t  ono 
p o s i t i o n  o n ly  was n e e d e d . B oron t r i f l u o r i d e  in d u c e d  c y c l l s *  
a t i o n  o f  th o  9 , 1 0 -e p o x id e  (5 7 )  d e r iv e d  from  m e th y l r i c i n ô l e a t o  
(4 2 )  w ould  s a t i s f y  t h i s  r e q u ire m e n t i n  t h a t  r e a c t i o n  m ust 







R e a c t io n  o f  m e th y l r i c i n o l e a t o  w ith  m ~ c h lo ro p e rb e n z o ic  
a c i d  fo llo w e d  by t r e a tm e n t  o f  t h e  e p o x id e  (5 7 )  w i th  b o ro n  
t r i f l u o r l d e - d i o x a n  g av e  t h e  h y d r o x y te t r a h y d r o f u r a n s  (4 6 )  i n  
45% y i e l d .  T h e ir  GLC b e h a v io u r  i s  sum m arised  be low  i n  
t a b l e  19*
TABLE 19
ECLs o f  hydro3:y t e t r a h y d r o f u r a n s  A rea  (%)
2 2 .0  65
2 2 .3  33
2 2 ,6  2
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S in c e  p e r a c id  e p o x id a t io n  i s  a c i s  a d d i t i o n ,  th e  e p o x id e
(5 7 )  w i l l  e x i s t  i n  two d i a s t e r e o i s o m e r i c  fo rm s , t h e s e  b a in g  
th e  98 lOR 1 riR and th e  9R 108 12R is o m e rs .  B ecau se  c y c l i s ­
a t i o n  m ust p ro c e e d  by i n v e r s i o n  a t  C ( 9 ) ,  th e  h y d r o x y te t r a ­
h y d ro fu ra n s  d e r iv e d  from  them  m ust be  th e  9R lOR 12R and th e  
98 ICS and 12R is o m e r s .  T h e se  two a r e  o b ta in e d  by c y c lo -  
d e h y d r a t io n  o f  t h e  e r y th r o  t r i o l s  w ith  d is p la c e m e n t a t  C (9) 
o r ,  a s  t h e i r  o n a n tio m e rs ,  from  th e  th ro o  t r i o l s  by in v e r s io n  
a t  C (12 ) (T a b le  1 8 ) ,  By co m p arin g  t a b l e  10 (p  44») and t a b l e  
1 9 , i t  can  b e  r e a d i l y  s e e n  t h a t  th e  h y d r o x y te tr a h y d r o fu r a n s  
d e r iv e d  from  th e  e p o x id e  (5 7 )  a r e  th e  same a s  th o s e  o b ta in e d  
from  th e  e r y th r o  t r i o l s  and t h a t  t h e r e f o r e  th e  c y c lo d e h y d r a t io n  
m ust o c c u r  by i n v e r s i o n  ( i . e .  d is p la c e m e n t)  a t  C ( 9 ) ,
(b )  I f  p r o to n a t io n  o c c u r s  i n  th e  g ly c o l  g ro u p  a t  C ( 9 ) ,  th e  
i n t e r m e d ia te  (5 3 )  can  be  s t a b i l i s e d  to  a  c e r t a i n  e x t e n t  by 
in t r a - m o lo o u la r  h y d ro g e n  b o n d in g  b e tw een  a d ja c e n t  oxygen 
a to m s ,
(5 3 )
~ 63 ~
Such s t a b i l i s a t i o n  i s  n o t  p o s s i b l e  when p r o to n a t io n  o c c u rs  a t  
t h e  i s o l a t e d  h y d ro x y  g ro u p  a t  C (1 2 ) , and t h i s  s u g g e s ts  t h a t  
t h e  1 2 -h y d ro x y  g ro u p  i s  th e  a t t a c k i n g  n u c le o p h i le  and  th e  
p r o to n a te d  9 -h y d ro x y  g ro u p  i s  t h e  le a v in g  g ro u p .
The 9 ,1 2 ,1 3 - t r i h y d r o x y s t e a r i c  a c i d s .
I n  t h e  c a s e  o f  th e  9 ,1 0 ,1 2  t r i o l s ,  r e s u l t s  from  r e a c t i o n s  
o f  th e  epozgr e s t e r  (5 7 )  and  c o n s id e r a t i o n  o f  th e  p r o to n a te d  
in t e r m e d ia te  (5 3 )  w ere  c o n s i s t e n t  w ith  d is p la c e m e n t a t  0 (9 )  
i n  th e  g ly c o l  group* I n  t h e  9 ,1 2 ,1 3  s e r i e s  t h e  r e s u l t s  w ere  
c o n t r a d i c t o r y  and  can  b e  i n t e r p r e t e d  i n  two ways*
E i t h e r  (1 )  C y c lo d e h y d ra t io n  m ust p ro c e e d  by  i n v e r s i o n  a t  
th e  i s o l a t e d  h y d ro x y  g ro u p  a t  0 ( 9 ) .
Or (2 )  The r e a c t i o n s  o f  t h e  c o r re s p o n d in g  e p o x y - e s te r
(5 8 ) d e r iv e d  from  m eth y l 9 -h y d ro x y o c ta d e c - c i s -  




The e v id e n c e  f o r  e a c h  v iew  w i l l  b e  s e t  o u t  i n  t h e  d i s c u s s io n  
w h ich  f o l lo w s .
— 64 “*
(1 )  T re a tm e n t o f  t h e  hydroxym onoenoic  e s t e r  (4 3 )  w ith  p e r a c id  
d id  n o t  G ive th e  c o r re s p o n d in g  1 2 ,1 3 -e p o x id e  (5 8 )  b u t  th e  
h y d r o x y te tr a h y d r o fu r a n s  (4 7 )  d i r e c t l y  and i n  h ig h  y i e l d .
HO
(4 3 )
p e r a c id
OH
(4 7 )
F u r th e rm o re , t h e s e  e s t e r s  (4 7 ) w ere  i d e n t i c a l  w ith  th o s e  
o b ta in e d  by c y c lo d e h y d r a t io n  o f  th e  th r e o  9 ,1 2 ,1 3 - t r i h y d r o x y -  
s t e a r i c  a c id s  g iv in g  two p eak s  o f  ECLs 2 1 .7  and 2 1 .9  (S ee  
t a b l e  1 5 ) .
I f  t h i s  r e a c t i o n  in v o lv e s  fo rm a t io n  o f  th e  e p o x id e  (5 8 )
and  su b se q u e n t c y c l i s a t i o n  o f  t h i s  by d is p la c e m e n t a t  0 ( 1 2 ) ,
th e n  th e  two h y d r o x y te tr a h y d r o fu r a n s  m ust h av e  th e  98 128 138 
>1*and  98 12R 13R c o n f i g u r a t i o n s .  T hese  c a n  a r i s e  a s  t h e i r
e n a n t io m e r ic  fo rm s from  th e  th r e o  t r ih y d r o x y  a c id a ,  o n ly  i f
C
i n v e r s i o n  o c c u rs  a t  0 ( 9 )  i n  th e  c y ^ d e h y d r a t io n  r e a c t i o n .  
(T a b le  20)
The a b s o lu te  c o n f i g u r a t i o n  o f  0 (9 )  i n  m e th y l 9*
^ 60h y d ro x y P C ta d e c -c is —1 2 -e n o a te  i s  known to  b e  8 .
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TABLE 20
A b s o lu te  c o n f ig u r a t io n s  A b s o lu te  c o n f ig u r a t io n s  
o f  t h e  t r ih y d r o x y  a c id s  o f  th e  1 2 ,1 3 ~ e p o x id e s
T h reo
9S 12S 138 
98 12R 13R
98 12R 138 
98 128 13R
A b s o lu te  c o n f ig u r a t io n  
o f  th e  hydroxy-" 
t e t r a h y d r p f u r a n s  (4 7 )
98 128 138 
98 12R 13R
9R 128 138 
9R 12R 13R
I n  c a s e  i t  m ig h t be  a rg u e d  t h a t  th e  r e s u l t s  w ould be 
d i f f e r e n t  i f  t h e  1 2 ,1 3 -e p o x id e  (5 0 )  w ere  a c t u a l l y  i s o l a t e d ,  
su c h  an  e p o x id e  was p r e p a re d  by p e r a c id  o x id a t io n  o f  th e  
a c e t y l  d e r i v a t i v e  (5 9 )  o f  m e th y l 9 -h y d ro x y -o o ta d e o - c i s - 1 2 -  
e n o a te  (4 3 )*
(5 9 ) (6 0 )
The e p o x id e  (60> when t r e a t e d  w ith  m ild  b a s e ;a g a in  
gave th e  same h y d r o x y te t r a h y d r o f u r a n s  (4 7 )  a s  d e r iv e d  from  
th e  th ro o  t r i o l s .
(2 )  H ow ever, i t  c an  b e  c o n s id e re d  t h a t  th e  c y c lo d e h y d r a t io n  
r e a c t i o n  p ro c e e d s  a s  f o r  t h e  9 , 1 0 , 1 2 - t r i o l s ,  i . e .  by  a t t a c k
-  66 *
o f  th e  i s o l a t e d  h y d ro x y  g ro u p  a t  0 ( 9 )  on th e  s t a b i l i s e d  pro- 
to n a te d  in t e r m e d ia te  (5 4 )  v /ith  i n v e r s io n  a t  C (X 2 ) j-
H O
(5 4 )
I f  t h e  e s t e r  (5 8 )  i s  fo rm ed i n  th e  e p o x id a t io n  r e a c t i o n  
and  i n  t h e  d o - a c é t y l a t i o n  o f  ( 6 0 ) ,  t h e  hyd ro x y  g ro u p  a t  0 ( 9 )  
may i n t e r a c t  w i th  th e  e p o x id e  oxygon s o  t h a t  a  f o u r  c e n t r e  
r e a c t i o n  o c c u rs  w i th  r e t e n t i o n  o f  c o n f ig u r a t io n  a t  0 (1 3 )  
y i e l d i n g  th e  p ro d u c t  o b ta in e d  from  th e  th r e e  t r i o l s  by 
d is p la c e m e n t a t  0 ( 1 2 ) ,  (S ee  T a b le  2 1 ) .
OH (4 7 )
A b s o lu te  c o n f ig u r a t io n s  
o f  t h e  t r i h y d r o x y -  
s t e a r i c  a c i d s .
T h r e e
98 13S 138
98 12R 13R
TABLE 2 1 ,
A b s o lu te  c o n f ig u r a t io n s  
o f  t h e  1%,13~
e p o x id e s  ( 5 8 ) .
98 12R 138 
98 128 13H
A b s o lu te  c o n f ig u r a t io n s  
o f  th e  h y d r o x y te t r a -  
h y d ro fu ra n s  ( 4 7 ) ,
98 12R 138 
98 128 13R
98 12R 138 
98 128 13R
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I t  i s  a l s o  p o s s i b l e  t o  ©xcplain th e  fo rm a tio n  o f  th e  
t e t r a h y d r o f u r a n s  (4 7 )  from  th e  o l e f i n i c  e s t e r  (4 3 )  u n d e r  3bhe 
in f lu e n c e  o f  p e r a c id ,  i n  w h ich  th e  9 ,1 2 -e p o K id e  i s  form ed by 
r e a c t i o n  o f  a com plex  w here  t h e  s a tu r a t e d  h y d r o x y e s te r  i s  
h y d ro g en -b o n d ed  t o  t h e  c a rb o n y l  oxygen o f  th e  p e r a c id  and  
i t s  d o u b le  bond 145 -bonded  t o  th e- p e r a c id i c  oxygen :
4- ArCOxH
o
H - ? - .  "A
IAr
T h is  e x p la n a t io n  h a s  t h e  a d v a n ta g e  o f  o f f e r i n g  a r e a s o n  
f o r  th e  d i f f e r i n g  b e h a v io u r  o f  a  Ô 4hydroxym onoenoic e s t e r  su ch  
a s  (4 3 )  and  a ^ - h y d r o x y e s te r  su ch  a s  m eth y l r i c i n o l e a t e  ( 4 2 ) .
I n  s u p p o r t  o f  t h i s ,  o t h e r  common r e a c t i o n s  su ch  a s  e l a i d i n i s -  
a t i o n  and b r o m in a t io n ,^  i n  w hich  th e s e  e s t e r s  g iv e  d i f f e r e n t  
r e s u l t s ,  h av e  b e e n  fo u n d , and  some a n a lo g o u s  e p o x id a t io n  r e a c ­
t i o n s  w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  s e c t io n .
T h e re  a r e  th u s  two p o s s ib l e  e x p la n a t io n s  o f  th e s e  
r e s u l t s  w ith  no e v id e n c e  w h ich  d e f i n i t e l y  p r e c lu d e s  o n e , and 
th e  m echanism  o f  t h e  c y c lo d e h y d r a t io n  o f  th e  9 , 1 2 , 1 3 - t r i o l s  
re m a in s  u n c e r t a i n .
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D e s p i te  t h e s e  d i f f i c u l t i e s ,  i t  i s  p o s s ib l e  to  deduce  th e  
a b s o lu te  c o n f i g u r a t i o n  o f  th e  9 ,1 2 ,1 3 - t r l h y d r o x y s t e a r i c  a c id s  
(w h ich  a r e  n o t  know n), u s in g  two a d d i t i o n a l  p ie c e s  o f  in fo rm ­
a t i o n :  -
(1 )  T h a t t h e  a b s o lu te  c o n f ig u r a t io n  a t  C (9 ) i n  th e
e s t e r  (4 3 )  i s S * ^ ^
(2 )  T h a t th e  t r a n s  o x o - te t r a h y d r o f u r a n  h a s  a  h ig h e r
ECL th a n  th e  c i s  is o m e r .
The r e s u l t *  a r e  s e t  o u t  i n  t a b l e  20 ,
TABLE 2 ,
A b s o lu te  c o n f ig u r a t io n s  o f  th e  A b s o lu te  c o n f ig u r a t io n s  o f
9 ,1 2 ,1 3 - t r i h y d r o x y s t e a r i c  a c id s  th o  o x o - te t r a h y d r o f u r a n s ,
o.C.
E ry th ro -
98 128 13R 
98 12R 138
(102)
(1 4 9 )
A B*
98 12R ( c i s ,  27*0). *9R 128
99 128 ( t r a n s ,2 t * 2 )  9R 12R
T h re o -
98 12R 13R ( )
98 128 138 (8 8 )
08 128 (trans, 2W.3;) 9R 12R 
98 12R (cis, aa  12S
*Column A r o f o r s  t o  d is p la c e m e n t  a t  0 (1 2 )  and  B t o  d is p la c e m e n t 
a t  0 ( 9 ) ,
T h ese  f i g u r e s  r e f e r  t o  th e  ECLs o f  th e  o x o - e s t e r s .
N o te : -  I t  i s  n o t  p o s s i b l e  t o  ded u ce  th e  a b s o lu te  c o n f ig u r a t io n s  
o f  th e  h y d r o x y te tr a h y d r o f u r a n s  (4 7 )  w ith o u t  p r i o r  know ledge o f  
t h e  m echanism  o f  th e  c y c lo d e h y d r a t io n .
PART 4
THE REACTIONS OF SO m  MONO- AND DIEP0XYE8TER8
— 69 ■“
INTRODUCTION
A bnorm al r e a c t i o n s  o f  some hydrosgrm onoonea»
One o f  t h e  m a jo r  f a c t o r s  w h ich  c o n t r ib u t e d  t o  t h e  oluc* 
i d a t i o n  o f  t h e  c y c lo d e h y d r a t io n  m echanism  f o r  t h e  t r i h y d r o x y  
a c id s  was a  s tu d y  o f  t h e  p r o d u c ts  form ed i n  th o  e p o x id a t io n  
o f  m e th y l r i c i n o l e a t e  and m e th y l 9 -h y d ro x y o c ta d e c - c i a - 1 2 -  
e n o a te *  The fo rm e r ,  on  t r e a tm e n t  w ith  p e r a c id ,  gave  th e  
e x p e c te d  9 ,1 0 -e p o x id e  (5 7 )  w h e reas  th e  l a t t e r  a f f o r d e d  th e
9 , 1 2 -e p o x id e  ( 4 7 ) ,
Von " j" ''OOH(5 7 )  (4 7 )
The s i g n i f i c a n t  d i f f e r e n c e  b e tw een  t h e  two hydroxym ono-
e n e s  i s  t h a t  m e th y l r i c i n o l e a t e  h a s  o n ly  ono m e th y le n e  g ro u p  
the
b e tw een  ^ d o u b le  bond and th e  h y d ro x y  f u n c t io n s ,  w h ereas  th e
is o m e r ic  e a t e r  h a s  tw o .
The u n u s u a l b e h a v io u r  o f  a c y c l i c  %  hydroxym onoenes
to w a rd s  p o r a c id s  was o b s e rv e d  by I.îousseron-*C anet e t  a l , ^ ^
i n  th e  e p o x id a t io n  o f  l i n a l o o l  ( 6 1 ) ,  S u b se q u e n t w ork by 
62F e l i x  e t  a l ,  r e v e a le d  t h a t  c a r e f u l  e p o x id a t io n  o f  l i n a l o o l  
gave f i r s t l y  a  p a i r  o f  d i a s t e r e o i s o m e r i c  1 ,2 - e p o x id e s  (6 2 ) ,  
w h ich  w ere  v e ry  e a s i l y  c o n v e r te d  by h e a t  o r  a c id  t o  a m ix tu re  






(S 3 ) (6 4 )
I n  o r d e r  t o  c o n f irm  t h a t  th e  s t r u c t u r e  o f  o o o t H l o l  (a
t r i t e r p e n ©  from  F o n q u ie r ia  S p le n d e n s  E n g e lm .) was th e  h y d ro x y -
t e t r a h y d r o t u r a n  ( 6 5 ) ,  W arn h o ff and  H a l l s  t r e a t e d  da im narened io l
l l - m o n o a c e ta te  (6 6 , R=Ao) w i th  p e r a c id  and o b ta in e d  th e  1 , 4 -
epoxid©  (6 5 )  i n  good y i e l d ,  ev en  a t  low  te m p e r a tu r e .  They
w ere  a b le  to  show th e  p re s e n c e  o f  th e  in te r m e d ia te  l ,2 ~ e p o x id e
(6 7 ) b u t  w ere u n a b le  t o  I s o l a t e  i t .
(66 )
(6 7 ) (6 5 )
67
-  71 -
More r e c e n t l y ,  G ouin  and  L o b o u c ''’ n o t i c e d  t h a t  p e r  fo rm ic  
a c id  o x id a t io n  o f  t h e  hydroxym onoone (1 0 5 ) gave  o n ly  a 20% y i e l d  
o f  th e  e x p e c te d  t r ih y d r o x y  compound (1 0 6 ) and  th e y  p ro p o se d  a 




^  CH„CH^CH(OH)CH(OH)(OH ) CH OH
(1 0 6 )
CH„CH CH(OH) J 2
(1 0 7 )
I t  h a s  a l s o  boon  shown t h a t  th e  hydroxym onoone g ro u p in g
64i s  v e ry  s e n s i t i v e  t o  a c i d s ,  S h ib a ta  e t  a l ,  i n  1963 p ro v ed
pyt h a t  th o  te t r a h y d r o tm r a n  (6 8 )  was n o t  a g e n u in e  sa p o g o n in  o f  
G in se n g , b u t  h ad  a r i s e n  by  an  a c id  c a t a ly s e d  c y c l i s a t i o n  o f  
t h e  h y d r o x y o le f in  ( 6 9 ) .  Tho same w o rk e rs  a l s o  q u o te  s e v e r a l  
r e f e r e n c e s  f o r  a n a lo g o u s  r i n g  c l o s u r e s ,
ow
c o n e , HCl
(6 9 )
B and R ' a ro  s u g a r s .
-  72
E xam ples o f  s i m i l a r  r e a c t i o n s  i n  c y c l i c  sy s te m s  w here 
th e  a p p r o p r i a t e  g ro u p s  a r e  h o ld  i n  th e  c o r r e c t  c o n fo rm a tio n  
f o r  r e a c t i o n ,  a r e  m ore num erous* A r e l e v a n t  c a s e  i s  th e  
o b s e r v a t io n s  o f  H en b e s t and  N ic h o lls^ ®  on  th e  e p o x id a t io n  o f  
t h e  two b i o y c l 6 h e p t e n e  a l c o h o l s  (7 0 ) and ( 7 1 ) ,
(7 0 ) (7 1 )
They found  t h a t  t h e  a lc o h o l  (7 0 )  gave th e  e x p e c te d  1 ,2 - 
e p o x id e  (7 2 )  and  t h a t  t h e  a lc o h o l  (7 1 )  a f f o r d e d  th e  t o t r a ­
h y d ro fu ra n  ( 7 3 ) ,  t h e  l a t t e r  r e a c t i o n  p ro c e e d in g  a t  a n  a b n o r ­
m a lly  r a p i d  r a t e .  The same w o rk e rs  a l s o  found  t h a t  m ild  
a l k a l i n e  h y d r o ly s i s  o f  th e  acetox j^  1 ,2 -e p o x id o  (7 5 ) p r e p a re d  
from  th e  a c e t a t e  (7 4 )  g a v e  th e  same 1 ,4 -e p o x id e  (7 3 )*  
I d e n t i c a l  r e s u l t s  w ere  o b ta in e d  i n  th e  r e a c t i o n s  o f  m e th y l 
9 -h y d ro x y o c ta d e c - c i s - 1 2 -e n o a te *  ( s e e  p .  65 ) .  I n  a  s u b s e ­
q u e n t p a p e r ,  t h e  same w o rk e rs  o b s e rv e d  s i m i l a r  p a r t i c i p a ­
t i o n  i n  t h e  m e r c u ra t io n  o f  th e  a lc o h o l  (71 )*
(7 0 ) OH (7 2 ) OH
-  73' ~






I n  a  r e c e n t  p u b l i c a t i o n ,  H a l l  and C h ern o ff^®  fo und  t h a t  
2 -a lk o x y -3 ,4 -d ih 3 7 d ro -2 H -p y ra n s  (1 0 0 ) r e a r r a n g e d  t o  s u b s t i t u t e d  
t e t r a h y d r o f u r a n  d e r i v a t i v e s  (1 0 9 ) on t r e a tm e n t  w i th  p e r a c id .  
They p ro p o se d  t h a t  th e  r e a c t i o n  p ro c e e d s  v ia  a  p re fo rm e d  
e p o x id e  (1 1 0 ) and  in v o lv e s  p a r t i c i p a t i o n  by t h e  a lk o x y  group*
( 100)
(1 0 9 )
Such a  re a r ra n g e m e n t i s  n o t  s u r p r i s i n g  s in c e  compound (1 0 3 ) 
i s  i n  f a c t  a 6  a lk o x y  monoene*
74 -
P e r a c id  o x id a t io n  o f  some f a t t y  a c id s *
09I n  1935 , G reen  and  H i l d i t c h  o b se rv e d  t h a t  o n ly  p o o r
y i e l d s  o f  th o  e x p e c te d  9 , 1 0 ,1 2 ,1 3 -* * te tra h y d ro x y s te a r ic  a c id s
c o u ld  bo o b ta in e d  by  p e r a c id  o x id a t io n  o f  l i n o l o i c  a c i d ,
70L a te r  w ork by  Sworn and  D ic k e l i n d i c a t e d  t h a t  p e r a c e t i c
a c id  o x i d a t i o n  gave  th e  d ie p o x y a c id  a s  th e  m a jo r  p r o d u c t ,
an d  t h a t  i n  p o r fo rm ic  a c id  o x id a t io n ,  th e  e x p e c te d  h y d ro x y *
form oxy compounds w ere  form ed b u t  d id  n o t  y i e l d  t h e  t e t r a o l s
71on h y d r o ly s i s ,  McKay, L e v i t i n  and J o n e s  a l s o  o b ta in e d
p o o r y i e l d s  o f  t e t r a o l s  and  p ro p o se d  a  te t ra h y d ro j^ y ra n




72B h aru ch a  and Gunston© s u b s e q u e n t ly  p re p a re d  some o f
th e  to t r a h y d r o x y a c id a  by p e r fo rm ic  a c id  o x id a t io n  o f  th r e o
nnd e r y th r o  1 2 ,1 3 * d ih y d ro x y o le ic  a c i d s .  They fo u n d  i t
n e c e s s a r y ,  h o w ev er, t o  a c e t y l a t o  p r i o r  t o  o x id a t io n ,  s in c e
th e y  o b ta in e d  p o o r y i e l d s  o f  t e t r a o l s  from  n o n * a c e ty la te d
47m a te r ia l*  G u n sto n e  and  M o rr is  th e n  a p p l ie d  t h i s  p r i n c i p l e
to  th e  o x id a t io n  o f  9 * h y d ro x y o c ta d e c * o i s *12* e n o ic  a c id  b u t ,  
a l th o u g h  th e y  o b ta in e d  one s o l i d  t r ih y d r o x y a c id ,  t h e  y i e l d s  
w ere  .low*
W ith  t h e  d is c o v e r y  o f  m i ld e r  p o r a c id s ,  l i n o l o i c  a c id
-  76 *
h a s  b e e n  c o n v e r te d  to  a  d le p o x id e ,  b u t  t h i s  compound h a s  n o t  
y e t  y i e ld e d  th e  e x p e c te d  t o t r a h y d r o x y s t e a r i c  a c id a  by no rm al 
c h e m ic a l p r o c e d u re s .  I n  p a r t  t h r e e  o f  t h i s  t h e s i s ,  m e th y l 
9 ~ a o e to x y * o c ta d e c * c is * 12*© noate was s u c c e s s f u l l y  e p o x id is o d  
and  th e  e p o x id e  c o n v e r te d  t o  th e  th r e o  9 ,1 2 ,1 3  t r i o l s ,  a l *  
th o u g h  some u n i d e n t i f i e d  m a t e r i a l  r e s u l t e d  from  r i n g  o p e n in g  
o f  t h e  e p o x id e  w ith  a c e t i c  a c i d ,  ( s e e  p , 1 4 8 ),
The r e s u l t s  i n d i c a t e  t h a t  epojcy o r  h y d ro x y  g ro u p s  may 
p a r t i c i p a t e  i n  p e r a c id  r e a c t i o n s  a t  n e a rb y  d o u b le  bonds and 
g iv e  r i s e  t o  u n e x p e c te d  p r o d u c t s .  T h is  s e c t io n  d e a l s  f i r s t l y  
w i th  t h e  i d e n t i f i c a t i o n  o f  t h e  m a jo r p ro d u c t  o f  p e rfo rm !o  
a c id  o x id a t io n  o f  m e th y l 9 -h y d ro x y o c ta d e c - c i s *12- e n o a t e , 
s e c o n d ly ,  com pares t h e  r e l a t i v e  a b i l i t i e s  o f  h y d ro x y , oxo , 
and  epo;cy g ro u p s  t o  p a r t i c i p a t e  i n  c e r t a i n  c h e m ic a l r e a c t i o n s  
and  f i n a l l y ,  d e a l s  w i th  t h e  c y c l i s a t i o n  o f  some a c e t y l e n i c  
e p o x id e s ,
* 7 6  *
DISCUSSION
M eth y l r i c i n o l e a t e  and  m e th y l 9 "h y d ro x y o o ta d e c * o i s *12*
e n o a te  w ere  p r e p a re d  a s  o u t l i n e d  p r e v io u s ly  ( p . 4 1 ) , The
c o r re s p o n d in g  o x o - e s t e r s  w ere  o b ta in e d  by r a p id  o x id a t io n  o f
40th e  h y d ro x y  compounds w i th  ch ro m ic  a c i d .  M eth y l x im en y n a te
(7 7 ) and m e th y l c ro p e n y n a te  (7 0 )  w ere i s o l a t e d  from  S an ta lu m
album  and A f z e l i a  c u a n z e n s is  s e e d  o i l s  by e s t a b l i s h e d  
73 74m e th o d s , * M eth y l l i n o l e a t e  and  m eth y l th r e o  1 2 ,1 3 -  
d ih y d ro x y o lo a te  w ere  a v a i l a b l e  i n  th e  l a b o r a t o r y .
CH g (C H ^ ) gCH=CHC H  C (C H ^ )  ^ CO^OH^ (  7 7 )
CHg (C H g)^C  5C 0H gC H =C H  (C H ^) ^CO^CH^ ( 7 8 )
1 . P e r fo rm ic  a c id  o x id a t io n  o f  m e th y l 9- h y d r o x y o c ta d e c - c is -
12- e n o a t e .
The o r i g i n a l  p u rp o se  o f  t h i s  e x p e r im e n t was t o  p r e p a re
th e  th r e o  9 ,1 2 ,1 3 - t r i h y d r o x y s t e a r i o  a c id s  i n  o r d e r  to  s tu d y
t h e i r  c y c lo - d e h y d r a t io n  r e a c t i o n s .  S u b se q u en t i n v e s t i g a t i o n s
o f  s im p le  e p o x id a t io n  r e a c t i o n s  o f  v a r io u s  h y d ro x y -  and o x o -
m ono- and d ie n o ic  e s t e r s  w ere  p rom pted  by th e  i d e n t i f i c a t i o n
o f  t h e  m a jo r  p ro d u c t  o f  t h i s  r e a c t i o n ,  a l th o u g h  th e  r e s u l t s
o f  some o f  t h e s e  h av e  a l r e a d y  b e e n  d is c u s s e d  i n  p a r t  3
The h y d r o x y e s te r  was o x id i s e d  w i th  p e r fo rm ic  a c id  i n  
48th e  u s u a l  w ay, b u t  a c i d i f i c a t i o n  o f  th e  h y d ro ly s e d  p ro d u c t
77 -
g av e  no s o l i d  p r e c i p i t a t e .  The r e s u l t i n g  o i l  v/as m e th y la te d ^  
and  th o  e s t e r s  s e p a r a te d  b y  prop.TLC i n t o  t h r e e  b a n d s : -  A 
(69% ); B (12%) and  C (19% ). H ie  QIC (HBGS) b o h a v io u r  o f  th e  
t o t a l  p r o d u c t ,  o f  f r a c t i o n  A, and  o f  th e  m e th y l e t h e r s  o f  A 
i s  shown i n  t a b l e  23 ,
TABLE 23 ,
ECLs o f  t o t a l  p ro d u c t  
( t r i m e t h y l s i l y l e t h e r s )




ECLs o f  f r a c t i o n  A
2 1 ,7
2 1 .9
ECLs o f  A a f t e r
2 3 .7  (45%)
2 4 .0  (55%)
F r a c t io n  A (69% ).
The GLC and  TLC b e h a v io u r  o f  A and i t s  m ethoxy d e r i v a ­
t i v e  w ere  i d e n t i c a l  w i th  th o s e  o f  t h e  c y c lo d e h y d r a t io n  p ro d u c t  
from  th e  th r e o  9 ,1 2 , I S - t r i h y d r o x y s t e a r i c  a c i d s ,  and  t h i s  was 
c o n f irm e d  by c o m b u s tio n  a n a l y s i s  and  m ass s p e c t r a l  d a t a ,  A 
i s  t h e r e f o r e  a  m ix tu re  o f  i s o m e r ic  m e th y l 9, 12- e p03{y-13* 
hydro2cystear&A#8 ajid t h e  m a jo r  f ra g m e n ts  i n  th e  m ass sp e c tru m  
o f  th e  m e th y l e t h e r s  (5 2 )  a r e  sum m arised  b e lo w  i n  t a b l e  24 .
<p* 73 «*•
TABLE 2 4 ,
CMe
Ol | (5 2 )
a a~32 b b -1 8  b -3 2  b -5 0
115 (1 0 0 ) 83 (6 2 )  227 (3 5 )  209 (1 0 ) 195 (2 9 )  177 (1 0 )
The p o s s i b l e  m echanism s f o r  th e  fo rm a tio n  o f  th o  9 ,1 2 *  
e p o x id e s  h av e  a l r e a d y  b e e n  d i s c u s s e d  i n  p a r t  3 . F r a c t io n s  
B and C w ere  n o t  i d e n t i f i e d ,
2 ,  A tte m p te d  e p o x id a t io n  o f  m e th y l th r e o  1 2 ,1 3 - d ih y d r o x y o le a te ,
E p o x id a t io n  o f  th e  e s t e r  i n  th o  u s u a l  way a f f o r d e d  a 
p ro d u c t w h ich  was s e p a r a te d  by prep.TLC  i n t o  t h r e e  f r a c t i o n s : -  
A (45% ); B (50%) and C (6% ). The GLC (PEGS) b e h a v io u r  o f  
f r a c t i o n s  A and B, and  o f  t h e i r  r e s p e c t i v e  m ethoxy d e r i v a ­
t i v e s  i s  o u t l i n e d  i n  t a b l e  2 5 .
TABLE 2 5 .
F r a c t io n  A F r a c t io n  B
BOLs o f  h y d r o x y e s te r s
a s  t r i m e t h y l s i l y l e t h e r s  22,0 22.2
ECLs o f  m e th o x y e s te r s  2 6 .6  2 7 .0
~ 79 -
The m ass s p e c t r a  o f  t h e  m e th y l o th e r s  o f  A and  B w ere 
i d e n t i c a l  and  i n d i c a t e d  t h a t  th e y  w ore is o m e r ic  m e th y l 10,13" 
epoîry- 9 , 1 2 -d im e th 0 3 c y s te a ra te s  ( 7 9 ) .  A and B a r e  th u s  th e
c o r re s p o n d in g  9, 12~ d lh y d ro3j y o s t e r s .  Tho m a jo r  f ra g m e n ts  i n
th o  m ass sp e c tru m  o f  th e  m e th y l e t h e r  o f  A a r e  shown i n  
t a b l e  20.







a ^ 3 2  a -6 4  b b -1 8  b -3 2  b -5 0
2 0 1 (4 1 ) 1 6 9 (1 0 ) 1 3 7 (1 7 ) 1 7 1 (1 0 0 ) 1 5 3 (1 1 ) 1 3 9 (4 6 ) 1 2 1 (2 6 )
The m o le c u le  o f  m e th y l 1 2 ,1 3 ~ d ih y d ro % y o le a te  (8 0 )  i n c o r ­
p o r a te s  b o th  a p and a % h y d ro x y  m onoenoio g ro u p in g  i n  i t s  
s t r u c t u r e .  The fo rm e r  h a s  b ee n  shown to  u n d erg o  no rm al 1 , 2 -  
e p o x id a t io n  a s  i n  th e  c a s e  o f  m e th y l r i c i n o l e a t o ,  w h ereas  th e  
l a t t e r  y i e l d s  1 ,4 -e p o x id o s  a s  i n  th o  e p o x id a t io n  o f  m eth y l 
9 -h y d r02Q roctadec - c i s  - 12- e n o a te  .  E p o sa id a tio n  o f  t h e  d i -
h y d ro sc y e s te r  (8 1 )  w ould  p ro c e e d  v ia  th e  9, 10- e p o x id e  ( 01) t o  







T h is  s t r u c t u r e  i s  s u p p o r te d  h y  t h e  m ass s p e c t r a l  e v id e n c e  
w hich  shows no f ra g m e n ts  t h a t  w ould b e  e x p e c te d  from  th e  i s o ­
m e r ic  9 ,1 2 -e p o x y -1 0 ,1 3 -d ih y d rO 3 jy e s te r  (8 2 )  and  th e s e  r e s u l t s  
le n d  w e ig h t t o  th e  b e l i e f  t h a t  p and  'S hydrojcy m onoenos b eh av e  
d i f f e r e n t l y  i n  c e r t a i n  c h e m ic a l r e a c t i o n s .
OH
(8 2 )
2» E p o x id a t io n  o f  some o x o -^ e s te r s .
I n  a  s i m i l a r  m anner t o  t h a t  i n d i c a t e d  f o r  h y d r o x y e s te r s ,  
P and % oxom onoenes may b eh av e  d i f f e r e n t l y  to w a rd s  e p o x id i s in g  
a g e n t s .  The c h e m is try  o f  m e th y l 1 2 -* o x o -o lea te  ( 8 3 ) ,  o b ta in e d  
by o x id a t io n  o f  m e th y l r i c i n o l e a t o ,  h a s  o n ly  b e e n  s tu d i e d  w ith  
r e s p e c t  t o  i t s  c o n v e r s io n  t o  t h e  c o n ju g a te d  k e t o - o s t o r ^ ^ '^ ^ ,  
and th o  c h e m is try  o f  9- o x o - e s t e r  (8 4 )  h a s  n o t  b e e n  i n v e s t i g ­
a t e d  a t  a l l ,
CH3 (CH^)3C0CH^CH-CH(CH^) ( 83 )
c_
CH3(CHg)^CH=CHCHgCHgC0(CH^) yCO^CHg (8 4 )
-  81 -
A , M ethy l 1 2 - o x o - o le a te ,
e&bscE p o x id a t io n  o f  t h i s  icrfrwdy gavo a q u a n t i t a t i v e  y i e l d  o f  
th e  e x p e c te d  e p o x id e  ( 8 5 ) ,  b u t  t h e  s t r u c t u r e ,  o f  t h i s  compound 
was a r r i v e d  a t  o n ly  a f t e r  c o n s id e r a b le  d i f f i c u l t y ,  s in c e  i t  
r e a d i l y  is o m o r is e d  i n  t h e  p r e s e n c e  o f  s i l i c a  g e l  G t o  m e th y l
9 -h y d ro x y - 1 2- o x o - o c ta d e c - t r a n s -10- e n o a te  ( 86) ,
Q
CI*U(CFî )_COCH CH CH(CH^)_CO CH. (0 6 )C> iG O  /S /'-I S xS
£.CH„(CH„).COCH=CHCH(OH)(CH„)_CO„Cn„ ( 86)O rfO O A « «0 c5
E x a m in a tio n  o f  t h e  t o t a l  r e a c t i o n  p ro d u c t  p r i o r  t o  TLC 
s e p a r a t i o n  showed t h a t  th e  m a jo r  com ponent was t h e  epo jr/ 
k e to n e  ( 8 5 ) ,  The e s t e r  showed no a b s o r p t io n  i n  th e  UV
sp e c tru m  and gave p ea k s  i n  t h e  IR sp e c tru m  a t  1740 cm
( e s t e r  c a r b o n y l ) ,  1710 cm ^ (o x o ) and  330 cm  ^ (ep o :{y ),
The MVIR sp e c tru m  show ed a  b ro a d  s i g n a l  a t  7 , 0 t  (2H, -CÉ-CH-) 
and a  m u l t i p l e t  a t  7 . 6 t  ( 6H, -CH.OOCII -  and “CH^CO CH ^).iO 3 ifG w
Sodium  b o ro h y d r id e  r e d u c t io n  a f f o r d e d  an e s t e r  w h ich  c o u ld  
n o t  b e  d i s t i n g u i s h e d  from  m e th y l 9 ,1 0 -o p o x y -1 2 - l iy d ro x y s te a ra to  
p r e p a re d  by e p o x id a t io n  o f  m e th y l r i c i n o l e a t e .
Prep,TLC o f  th e  t o t a l  p ro d u c t  f u r n is h e d  a m a jo r  f r a c t i o n  
A (86%) w hich  h ad  d i f f e r e n t  s p e c t r a l  p r o p e r t i e s  from  th e  
o r i g i n a l  m ix tu r e ,  F u r th e r  ex p o n u r^  o f  A t o  s i l i c a  g e l  ( s e e  
s e p a r a t i o n  schem e 1 ) gave  a new p ro d u c t A* w h ich  showed 
s p e c t r a l  b e h a v io u r  i n d i c a t i v e  o f  a n  in c r e a s e d  am ount o f  th e
— 82 —
c o n ju g a te d  o x o - e s t e r  ( 86) a t  th e  ex p en se  o f  th e  epoxy k e to n e  
( 8 5 ) .
SEPARATION SCHmiE I .
BH
GLC
1 2 - 0 X 0  9c
I p e r a c id  
p ro d u c tÎ
A. ( 86%)
p r e d  TLC
.1B (14%)
s i l i c a / e t h e r
A' ( 100%)
BH4
Von R u d lo f f  
GLC
Tho ÜV, IR and I MR d a ta  f o r  A and A* a r e  c o n p a ro d  i n  
t a b l e  2 7 ,
TABLE '2 7 ,
F r a c t io n  A
ÜV k max 227 nan;
F r a c t io n  A *
-?• 03 *-
F r a c t io n  A
IR 1710 cm“^ ( o * o ) j  1690 and  *"11675 cm ( c o n ju g a te d  o x o ) ;  
-1900 cm ( c o n ju g a te d  t r a n s )  
-1and  830 cm (e p o x y ) .
IWR 7 ,0 ?  (^ ^ IH , e p o x y ) ;  3 , 2 -  
4 , 3 t  ( o l e f i n i c  p r o to n s ) ;  
5 .8 t[ c h (O H )]  and  7.6t
F r a c t io n  A *
As f r a c t i o n  A, b u t  w i th  
r e d u c t io n  i n  i n t e n s i t y  
o f  b an d s  a t  1710 and 
630 cm "^.
As f r a c t i o n  A , b u t  w ith  
r e d u c t io n  i n  i n t e n s i t y  
o f  s i g n a l s  a t  7,0? and 
7 ,6 ?
A* was re d u c e d  t o  m e th y l 9 , lO -e p o x y - 1 2 -h y d r o x y s te a ra te  
(15%) and  a d ih y d ro x y e a te r  [05%, ECL (DEGS) 2 0 ,2 ]  w h ich  gave 
h o p ta n o ic  and n o n a n e d io io  a c id s  v/hen o x id i s e d .
T h ese  r e s u l t s  show t h a t  A and  A* c o n ta in  i n c r e a s i n g  
am ounts o f  th e  c o n ju g a te d  h y d ro x y  k e to n e  ( 86) w hich  a r i s e s  
from  i s o m é r i s a t i o n  o f  t h e  epoxy k e to n e  (8 5 ) on  s i l i c a  g e l .  
T h is  i s o m é r i s a t i o n ,  w h ich  may b e  a c id  o r  b a s e - c a t a l y s e d ,  i s  
due t o  th e  e x tre m e  l a b i l i t y  o f  th e  m e th y len e  p r o to n s  a t  
C ( l l>  w hich  a r e  a c t i v a t e d  by b e in g  a d ja c e n t  t o  an  oxo group:*
/  \-CO-CH-— CH ~CH -
pa  '  '
BÎ
(  0* H +  /  \-CO -CH CH — CH -
H
-CO-CH=CH-CH(OH>
-co -ch53h -ch ( oh)
84
A s i m i l a r  r e a c t i o n  was o b se rv e d  by W assornian and 
G o rb u n o ff who is o m e r is e d  th e  epo%y k e to n e  (8lf1 to  th e  
a l l y l i c  a lc o h o l  (88) i n  d i l u t e  sodium  m e th o x id e  s o l u t i o n ; -





79C onachor and  G unstono  o b ta in e d  c o m p arab le  r e s u l t s  
from  b a s e - c a t a ly s e d  i s o m é r i s a t i o n  o f  m e th y l v e r n o la t e  (8 9 ) 
and  r e l a t e d  e s t e r s ,  u s in g  l i t h i u m  d ie th y la m id e *  I n  t h i s  
c a s e ,  t h e  m e th y le n e  p r o to n s  a t  0 ( 11) a r e  l e s s  a c t i v a t e d ,  
b e in g  a d ja c e n t  t o  a  d o u b le  b o n d , and t h i s  a c c o u n ts  f o r  th e  
m ore v ig o ro u s  r e a c t i o n  c o n d i t i o n s  e m p lo y e d ;-
/  G. Î .  2.- C H s C H - --------- >  -OH ( OH ) -CH=CHCH=CH-
— m eth y l c o r io la t©
N Et^
(0 9 )
B* M eth y l 9 -o x o -o c ta d o o -c i s -12-© noat© *
The o p o x id a t io n  o f  t h i s  e s t e r  was a l s o  c o m p lic a te d  by 
e x te n s iv e  i s o m é r i s a t i o n  o f  th e  p r o d u c ts  on s i l i c a  g e l ; e v e n  
i n  th e  p r e s e n c e  o f  sodium  d r ie d  s o lv e n ts *  O nly two o f  th e  
p ro d u c ts  o f  t h e  r e a c t i o n  c o u ld  bo i d e n t i f i e d .
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The t o t a l  r e a c t i o n  p ro d u c t  was s e p a r a te d  by prep.TLC  
i n t o  f i v e  b a n d s ; -  A (29% ); B (24% ); C (17% ); D (13%) 
and E (18% ), The GLC b e h a v io u r  o f  th e  t o t a l  p ro d u c t  and o f  
e a c h  f r a c t i o n  i s  shown i n  t a b l e  28 .
F r a c t io n





TABLE 2 0 .
ECLs (PEGS) a s  
t  x^imethyl s i  l y  l a t h e r s
1 8 .5 ,  1Ô .9 , 2 1 .6 ,  2 2 .5 ,  2 4 .4 * , 
2 5 .0 ,  2 5 .2 ,  2 5 .3 ,
2 4 .5 ^ , 2 5 .3 .
1 8 .6 ,  2 1 .5 * , 2 2 .5 ,  2 3 .4 ,  2 4 .4 ,  2 5 .0 .
1 8 .6 ,  1 9 .9 ,  2 1 .6 * , 2 2 .5 ,  2 3 .7 ,  
2 4 ,4 ,  2 4 .9 ,  2 5 .0
1 8 .6 ,  1 9 .9 ,  2 1 .6 ,  2 1 .9 ,  2 2 .4 * ,
2 4 .3 ,  2 5 .3
1 8 .6 ,  2 1 .6 ,  2 1 ,9 ,  2 2 .4 ,  2 4 .5 ,  2 5 .0 * .
D en o te s  l a r g e s t  pe&Uc.
T h ese  r e s u l t s  w ere  c l e a r l y  im p o s s ib le  t o  i n t e r p r e t  and 
so  th e  f r a c t i o n s  w ere  reco m b in ed  and  re c h ro m a to g ra p h e d  i n  
o r d e r  t o  t r y  and d e te rm in e  th e  end  p ro d u c t o f  i s o m é r i s a t i o n .  
(S ee  s e p a r a t i o n  schem e 2 ) .
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MS
SEPARATION SCTO/ÏE 2 ,.
12o_
p e r a c idw
p ro d u c t
TLC
A (29%) B (24%) C (17%) D (15%)
TLC
E (18%)
A+B+C+D 1  (50%) F (50%)
von R u d lo f f
GLC(75%)
GLC MS
R e c h ro n a to g ra p h y  gave a  m a jo r  p o la r  f r a c t i o n  F (50%) 
w h ich  was m ore p o l a r  (TLC) th a n  m eth y l th r e o  lO -d ih y d ro x v "  
s t e a r a t e  and w hich  h ad  an  ECL (DEGS) o f  2 5 ,0 .  GLC a n a l y s i s ,  
h o w ev er, showed t h a t  th e  compound was o n ly  80% p u re  and  th e s e  
im p u r i t i e s  c o u ld  n o t  b e  rem oved i n  any w ay. F r a c t io n  F 
showed a b s o r p t io n  i n  t h e  IR sp e c tru m  a t  3580 and 3420 cm*"  ^
(OH) and 1710 cm ^ (o x o )  and  was o x id i s e d  t o  h e x a n o ic  a c id  
and 4 "oxo*~dodecanoic a c i d .  The same compounds w ere o b ta in e d  
by o x id a t io n  o f  a u t h e n t i c  m e th y l 9**’oxo*~octadec"O is ‘^ 12>-*onoate, 
T h ese  r e s u l t s  i n d i c a t e  t h a t  t h e  end  p ro d u c t o f  i s o m é r i s a t i o n  
was m e th y l 1 2 ,1 3 -d ih y d ro 3 iy -9 ~ o x o s te a ra te  ( 9 0 ) ,  The m a jo r
-  87 -
f ra g m e n ts  i n  th e  m ass sp e c tru m  o f  f r a c t i o n  F a r e  shown below  
i n  t a b l e  2 9 ,
TABLE 2 9 .
b
CH3 (OHg)^CH (OH) jcHCOH ) (CH^ ) ^  CO(CH^) ^CO^CHg
(9 0 ) a
M ajo r pealco : 297 (0 ,  ? ) ;  295 ( 4 ,  M -49); 255 (1 2 , ? ) ;  197 
(1 3 , ? ) ;  185 (1 0 0 , a ) ;  153 (1 7 , a - 3 2 ) ; 142 
(2 3 , ? ) ;  125 (7 0 , 7); 124 (2 0 , ? )?  101 (1 1 , 
b ) ;  and  83 (7 7 , b -1 8 )
A tte m p te d  m é th y la t io n  o f  th e  d ih y d r o x y e s te r  (9 0 )  w ith  
m e th y l i o d i d e - s i l v e r  o x id e  le d  t o  a p ro d u c t  F* ( 75%) w h ich  
showed no 0220 a b s o r p t io n  i n  t h e  IR sp e c tru m  and w h ich  h ad  
s i m i l a r  c h ro m a to g ra p h ic  and s p e c t r o s c o p ic  p r o p e r t i e s  to  th o s e  
o f  f r a c t i o n  A , I n  p a r t i c u l a r  t h e  m ass s p e c t r a  o f  A and  F* 
o n ly  d i f f e r e d  w i th  r e s p e c t  t o  t h e  r e l a t i v e  i n t e n s i t i e s  o f  th o  
v a r io u s  p e a k s .  They i n d i c a t e d  t h a t  A and F* c o n ta in e d  
d i f f e r e n t  p r o p o r t io n s  o f  a  m ix tu re  o f  t h e  b i c y c l i c  e t h e r  (9 1 ) 
and th e  d ih y d ro x y k e to n e  ( 9 0 ) ,  The m a jo r  f ra g m e n ts  i n  th e  
m ass s p e c t r a  o f  A and F* a r e  shown i n  t a b l e  3 0 ,
CHg(CH^ - 0
TABLE 30
KCHg)yOO^CH3 (9 1 ) « 326
C H g (C H g )^ C H (O H )C H (O H )(C H ^ ) j  C0 (0Hg)^C0gCK3 (9 0 ) « 344
c
F r a c t i o n  A F r a c t i o n  F*
32S (1 3 ) 326 (1 6 )
M “ 32 295 (3 7 ) 295 (1 1 )
a 255 (4 2 ) 255 (1 6 )
ar-18 237 (4 0 ) 237 (1 9 )
a^-32 223 (10) -
a^50 187 (6) -
£. 185 (1 0 0 ) 185 (1 0 0 )
c_—32 153 (2 5 ) 153 (1 2 )
b 169 (3 0 ) 169 (1 3 )
? 125 ( 100) 125 (5 3 )
The e v id e n c e ,  th o u g h  n o t  v e ry  c o n c lu s iv e ,  i n d i c a t e s  
t h a t  A c o n ta in s  m ore o f  t h e  b i c y c l i c  e t h e r  (9 1 )  th a n  E* and 
t h a t  b o th  f r a c t i o n s  h av e  a p p r e c ia b le  am ounts o f  th e  d ih y d ro x y ­
k e to n e  ( 9 0 ) ,  B ecau se  o f  t h e  com ple^rity  o f  th e  r e s u l t s ,  th e  
e x p e r im e n t was n o t  i n v e s t i g a t e d  f u r t h e r .
—• 89 “*
The e q u i l ib r iu m  b e tw ee n  (9 0 ) and (9 1 ) i s  s im p ly  t h a t  o f  
a  c y c l i c  k e t a l  w ith  i t s  open  c h a in  form  and may b e  c a t a ly s e d  
by m o is t  a i r ,  A m ore common exam ple o f  su ch  an  e q u i l ib r iu m  
i s  t h e  r e a c t i o n  o f  a c e to n e  w i th  1, 2- g ly c o ls  to  fo rm  i s o p r o -  
p y lid C n e  d e r i v a t i v e s  : -
I , fCH(OH)  ^  CH-0 .^  .CH.,
I +  0 = c (   ^ ^  I ^ : c (  '
CH(OH) CH„ CK-0''^ ^CH .,I 3 , 3
T h ese  com pounds a r e  u s e d  a s  p r o t e c t in g  g ro u p s  f o r  th e  
g ly c o l  f u n c t io n  and  a r e  r e a d i l y  c o n v e r te d  to  t h e  o r i g i n a l
IPOcompounds by aqu eo u s a c i d s .  ' I n  t h e  exam ple her© , t h e  oxo 




The b i c y c l i c  e t h e r  (9 1 )  m uât h&va b e e n  form ed by an 
i n t r a m o le c u la r  c y c l i s a t i o n  o f  t h e  epoxy k e to n e  (900 w h ich  
was n e v e r  d e t e c t e d  i n  t h e  r e a c t i o n  m ix tu re  a t  any  s t a g e ,
-CH=CHCH CH^CO- ■>  .CH '  Cll
1 3  2 . g  X i  r \  *  ----------->
(8 4 )
(9 2 )> \
(9 1 )
-  90
A s i m i l a r  compound (9 3 )  c o n ta in in g  a  s i x  and  a  se v e n
mombered r i n g  w as fo u n d  t o  bo th e  p ro d u c t  o f  th o  r e a c t i o n  o f
t h e  is o p ro p y l id f in o  d e r i v a t i v e  o f  th e  6  epojcy k e to n e ^ w ith  
78a c i d .  I t  was p ro p o se d  t h a t  th o  r e a c t i o n  p ro c e e d e d  th ro u g h  
th e  epoxy ko to n e  ( 9 4 ) .




^ 3 2  
(9 4 )
(9 3 )
4» A c id  c a t a l y s e d  r e a c t i o n  o f  m e th y l 9 ,1 0 ,1 2 ,1 3 " » d ie p o x y s te a ra te .
I t  h a s  b e e n  shown so  f a r  t h a t  b o th  hydrojcy and  oxo 
f u n c t io n s  c a n  i n t e r a c t  w i th  a  p re fo rm ed  epoxy g ro u p  to  form  
c y c l i c  p ro d u c ts ^  I t  was o f  i n t e r e s t ,  t h e r e f o r e ,  t o  s tu d y  
th o  r e a c t i o n s  o f  a  d ie p o x id e  t o  s e e  i f  compounds c o u ld  be 
form ed by  i n t e r a c t i o n  b e tw een  th e  two e p o x id e  r i n g s .  Such 
p r o d u c ts  w ould b e  m ore l i k e l y  t o  be p ro d u ced  i n  an  a c id  c a t a l ­
y se d  p ro c e s s  and  so  th e  dieposcy e s t e r  (9 5 ) d e r iv e d  from  m eth y l 
l i n o l e a t e  was t r e a t e d  w i th  an  e x c e s s  o f  b o ro n  t r i f l u o r i d e
i n  d io x a n  a c c o rd in g  t o  th e  m ethod o f  C onacher and  G u n s to n e .
^•O
CHg ( C H ^ ) ^ H — —CH-(CHg ) ^ COgCH^
(9 5 )
10
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The r e a c t i o n s  o f  f a t t y  a c id  e p o x id e s  u n d e r  a c i d i c  c o n -
79d i t i o n s  h av e  b e e n  i n v e s t i g a t e d  by  W alens e t  a l ,  who demon­
s t r a t e d  t h a t  m e th y l 9, 10-e p o3c y s te a r a te  was i s o m e r is e d  to  
m e th y l 1 0 ( 9 ) -  o x o - s t e a r a t e  i n  90% y i e l d  by  r e a c t i o n  w ith  b o ro n  
t r i f l u o r i d e  i n  b o i l i n g  d io 3can. The same w o rk e rs  i n v e s t i g a t e d  
th e  r e a c t i o n  o f  th e  d ie p o x id e  (9 5 )  u n d e r  t h e  same c o n d i t io n s  
and  o b ta in e d  k e to n ic  m a t e r i a l  (27% ), p o ly h y d ro x y  compounds 
( 16%) and u n i d e n t i f i e d  p ro d u c ts  (50% ), I t  was hoped  t h a t
th e  m i ld e r  c o n d i t io n s  em ployed by C o n ach er and C o n sto n e  m ig h t 
l e a d  t o  m ore t r a c t a b l e  p r o d u c t s .
Norm al r i n g  o p e n in g  o f  th e  d ie p o x id e  (9 5 )  w ould lo a d  
to  a  m ix tu re  o f  1 0 ,1 2 ; 9 ,1 2  and  1 0 ,1 3 ; and 9 ,1 3  d io x o e s te r s  
and i t  was r e a l i s e d  t h a t  p r o d u c ts  d e r iv e d  f ro r .  th o s e  compounds 
may be form ed i n  th e  r e a c t i o n ,
E p o x id a t io n  o f  m e th y l l i n o l e a f e  gave a C | t i m t i t a t i v e  
y i e l d  o f  m e th y l 9 ,1 0 ,1 2 ,1 3 - d ie p o x y s td a r a to .  T h is  e s t e r  was 
s t i r r e d  o v e r n ig h t  a t  room te m p e ra tu re  w ith  b o ro n  t r i f l u o r i d e -  
d l o t h y l  e t h e r a t e  i n  dioscan and  th e  p ro d u c t s e p a r a te d  by p r e p ,  
TLC i n t o  f i v e  b an d s : -  A (21% ), B (4% ), C (17% ), D (20%) 
and  S (39% ), E ach  f r a c t i o n  was exam ined i n  g r e a t e r  d e t a i l  *
F r a c t io n  E (39% ),
F r a c t io n  E showed no p eak s  on GLC e i t h e r  b e f o r e  o r  
a f t e r  t r i m e t h y l s i l y l a t i o n ,  and  gave s e v e r a l  p o l a r  s p o t s  when 
exam ined  by  TLC, I t  i s  l i k e l y  t h a t  t h i s  f r a c t i o n  c o n ta in s  
p o ly m e ric  m a t e r i a l  and i t  was n o t  exam ined f u r t h e r .
— 92 “
F r a c t io n  g  (4% ),
S i l i c a  TLC o f  t h i s  m in o r f r a c t i o n  showed t h a t  i t  was a 
m ix tu re  o f  s e v e r a l  s m a l le r  b a n d s  and no f u r t h e r  w ork was 
c a r r i e d  o u t  on  t h i s  m a te r ia l*
F r a c t i o n  P (20% ).
T h e se  e s t e r s  h ad  an  ECL o f  20*6 (ApL) and  gave no p eak s
on  a  p o la r  (DEGS) co lu m n . They showed a b s o r p t io n  i n  th e  IR
—1 ssp e c tru m  a t  1710 cm (o x o )  and  w ere  re d u c e d  by sodium  b o r o -  
h y d r id e  t o  a h y d r o x y e s te r  [ECL (DEGS) 2 0 ,2 ]  w h ich  h ad  s i m i l a r  
p o l a r i t y  t o  m e th y l 9 , 1 0 ~ d ih y d ro x y s to a ra te  on  TLC, The d i -  
h y d ro x y  e s t e r  when b o i l e d  w i th  m e th a n o lic  s u lp h u r i c  a c id  gave 
a  m ix tu re  o f  1 ,4 -e p o x id e s  (73%) and u n r e a c te d  d ih y d r o x y e s te r  
(27%) The m ass sp e c tru m  o f  t h e  1 ,4 -e p o x id e s  showed t h a t
th e y  w ere  a  5 0 /5 0  m ix tu re  o f  t h e  9 ,1 2  and 10,13"" i s o m e r s .
Chromium tr io sÊ ld e  o x id a t io n  o f  t h e  o r i g i n a l  o x o '* o s te rs  gave 
o c t a n e d io i c ,  n o n a n e d io ic  and d e c a n e d lo ic  a c id s  o n ly  *
T h ese  r e s u l t s  show t h a t  f r a c t i o n  D i s  a  m ix tu re  o f  
m e th y l 9 ,1 2 -  and  1 0 ,1 3 - d io x o s te a r a t e s  w hich  w ere  form ed by 
a c id  c a t a ly s e d  r i n g  o p e n in g  o f  t h e  d ie p o js y e s te r  ( 9 5 ) ,  T h e re  
was no e v id e n c e  o f  th e  p r e s e n c e  o f  th e  10,12 o r  th e  9 ,1 3 -  
d io 3c o - e s to r s  i n  t h i s  b an d , a l th o u g h  th e  p re s e n c e  o f  th e  
l a t t e r  c a n n o t b e  e n t i r e l y  ezzcluded . The fo rm e r  w ould  e x i s t  
i n  an  e n o l i c  fo rm  and w ould  b e  r e a d i l y  d e t e c t a b l e  by norm al 
c h ro m a to g ra p h ic  and  s p e c t r o s c o p ic  m e th o d s .
-  93 -
F r a c t io n  A (31% ),
F r a c t io n  A was r e a d i l y  shown to  b e  a m ix tu re  o f  th e  9,12* 
and  1 0 ,1 3 -  f u r a n o id  e s t e r s  (9 6 )♦  The compounds e x i i ib i t e d  
t h e  n o rm al c h a r a c t e r i s t i c  s p e c t r a l  p r o p e r t i e s  o f  a f u r a n  and 
was i d e n t i c a l  w i th  th e  s y n t h e t i c  9 ,1 2  iso m e r  p re p a re d  from
9 ,1 2 - d i o x o s te a r i c  a c id  (p# 3 5 ) ,  e x c e p t  f o r  th o s e  f ra g m e n ts  
i n  th e  m ass sp e c tru m  w h ich  came from  th e  1 0 ,1 3  is o m e r .  The 
m a jo r  p eak s  i n  t h e  m ass s p e c tru m  o f  A a r e  l i s t e d  i n  t a b l e  31 ,
TABLE 31 ,





m + n  -  10
237 (9 )
165 (6 7 )
95 (1 0 0 )
1 0 .1 3
251 (1 0 )
151 (7 8 )
95 (1 0 0 )
The f u r a n o id  e s t e r a  w ere  d e r iv e d  from  th e  9 ,1 2  and  1 0 ,1 3 ' 
d i o x o s t e a r i c  a c id s  by a c id  c a t a l y s e d  c y c l i s a t i o n .
F r a c t io n  C (17% ).
F r a c t io n  C h ad  an  ECL o f  2 7 .5  (DEGS) and 2 0 .6  (ApL) and  
was l e s s  p o la r  th a n  m e th y l r i o i n o l e a t e  on TLC. The IR s p e c ­
tru m  showed no oxo a b s o r p t io n  and  th e  a b se n c e  o f  a  k o to  g ro u p
— 94 —
was c o n firm e d  when th e  compound was r e c o v e re d  u n ch an g ed  a f t e r  
t r e a tm e n t  w ith  sodium  b o r o h y d r id e .  The NRÎR sp e c tru m  showed 
an  u n u s u a l  s i n g l e t  a t  5 .9 5 t (1H) i n  a d d i t i o n  to  t h e  s ig n a l s  
n o rm a lly  p r e s e n t  i n  t h e  s p e c t r a  o f  lo n g  c h a in  e s t e r s .  The 
m ass sp e c tru m  i n d i c a t e d  a  m o le c u la r  w e ig h t o f  326 w h ich  c o r ­
re sp o n d e d  t o  a  m o le c u la r  fo rm u la  o f  and  w h ich  was
i n  ag reem en t w ith  th e  r e s u l t s  o b ta in e d  from  c o m b u stio n  
a n a l y s i s .
The f ra g m e n ts  p r e s e n t  i n  t h e  m ass sp e c tru m  o f  C w ere  
s i m i l a r  t o  th o s e  i n  th e  s p e c tru m  o f  th e  m e th y l 9 ,1 2 -e p o x y -
1 0 - o x o s te a r a te s  ( p . 4 8 ) ,  The b a s e  peak  was a t  m /e 155 and
t h e r e  w ere  s m a l le r  p eak a  a t  187 and 1 3 9 , The t r a n s i t i o n  
187 **^165 ( l o s s  o f  32 m ass u n i t s )  was c o n firm e d  by  th e  
p re s e n c e  o f  a  m e ta s ta b le  p eak  a t  1 2 8 ,5  and  th e  a c c u r a te  mass 
v a lu e s  o f  t h e  m a jo r  f ra g m e n ts  and  t h e i r  c o r re s p o n d in g  m o le ­
c u l a r  fo rm u la e  a r e  d e t a i l e d  b e lo w  ( t a b l e  3 2 ) ,
TABLE 3 2 ,
m /e v a lu e  O b serv ed  m ass C a lc u la te d  m ass F orm ula
326 3 2 6 .24599  326 .245695  ^19^^34^4
187 1 8 7 .1 3 3 2 0 9  187 ,133411  ^ 10^ 19^3
155 1 5 5 ,1 0 7 0 3 3  155 ,1 0 7 1 9 8  ^ 9 ^ 1 5 %
139 1 3 9 .1 1 1 5 5 0  139 .112284  C J l  _09 15
The p eak  a t  187 i s  p re su m a b ly  th e  a ld e h y d o - e s to r  ( 9 7 ) ,  
and  th e  r e s u l t s  i n d i c a t e  t h a t  th e  s t r u c t u r e  o f  C c o n ta in s  






H ow ever, t h e  m o le c u le  d o e s  n o t  c o n ta in  an  oxo g ro u p  and 
th e  n a tu r e  o f  th e  f o u r t h  oxygen  atom  i s  n o t  known, a l th o u g h  
th e  e v id e n c e  s u g g e s ts  t h a t  i t  i s  p ro b a b ly  an  e t h e r  oxygen .
I t  seem s l i k e l y  t h a t  C i s  a c y c l i c  e t h e r  form ed by 
i n t e r a c t i o n  b e tw een  th e  two epoxy g ro u p s  and s e v e r a l  p o s s ib l e  
s t r u c t u r e s  a r e  shown b e lo w . Of t h e s e ,  o n ly  th e  n o n -sy m m etrio  
o n es  e x p la in  th e  o n e - p ro to n  s i n g l e t  i n  th e  NMR s p e c tru m , and 





5 .  C y c l i s a t i o n  o f  a o e t y l e n i c  epiOKidea,
The c o n v e r s io n  o f  a o e ty l e n io  g ly c o ls  t o  f n r a n s  u n d e r
th e  n o rm a l c o n d i t io n s  o f  t r i p l e  bond  h y d r a t io n  h a s  b e e n  known 
80f o r  some t i i a o .  I n  1969 , M i l l e r ^  a p p l ie d  t h e  r e a c t i o n  to  
a c e t y l e n i c  ap  and p % e p o x id e s  and  was a b le  t o  o b t a i n  good 
y i e l d s  o f  3 - s u b s t i t u t e d  f u r a n s .  F o r ex am p le , th e  a c e t y l ­
e n ic  e p o x id e s  (9 9 )  and ( 100) c o u ld  be c o n v e r te d  t o  t h e  f u r a n s  
(101) and  (102) by r e a c t i o n  w i th  m e rc u r ic  a u lp h a to  i n  d i l u t e  
s u lp h u r i c  a c i d : -
CH^— Ç-CSCH O
R
(9 9 ) ( 101) m
/ \  ^CH—CCH C S C H  'I <5
Ph
( 100) (102)
Ep05d.d a t io n  o f  m e th y l x im en y n a te  ( 1 8 :2 ;  9^ 11t_) and 
m e th y l c re p e n y n a te  ( 1 8 :2 ;  9 c ,1 2 a )  w ould le a d  t o  t h e  e p o x id e s  
(1 0 3 ) and  (1 0 4 ) w h ich  may th e n  c y o l i s e  t o  th e  9 ,1 2  f u r a n  ( 3 9 ) ,
CH (CH ) C H - C H C ( C H ^ )  CO CH_
(1 0 3 ) / /  \ \
CHg(CHg)_^C «CCH^CH-CH (CHg)^COgCHg (3 9 )
(1 0 4 )
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M eth y l x im en y n a te
E p o x id a t io n  o f  m e th y l x im en y n a te  fo llo w e d  b y  prep.T LC  
o f  t h e  p r o d u c t ,  a f f o r d e d  m e th y l l ;g p l3- e p o x y s t e a r o l a t e  ( 1 0 3 ) ,  
T re a tm e n t o f  t h e  e p o x id e  w ith  m e rc u r ic  s u lp h a te  gave a  p ro d ­
u c t  w h ich  was s e p a r a te d  by prep.T LC  i n t o  a m a jo r  b an d  A (71%) 
and s e v e r a l  m ore p o l a r  m in o r b an d s  (29% ).
F r a c t io n  A h ad  ECLs o f  2 1 ,4  (DEGS) and 1 8 ,0  (ApL) and 
h ad  i d e n t i c a l  s p e c t r o s c o p ic  p r o p e r t i e s  (UV, IR , W M , MS) 
w i th  th o s e  o f  t h e  s y n t h e t i c  f u r a n  e s t e r  p re p a re d  from  9 ,1 2 -  
d i o x o s t e a r i c  a c id  ( p .  3 5 ) . T h ese  r e s u l t s  show t h a t  t h e  m a jo r  
p ro d u c t  was m e th y l 9 ,1 2 -e p o x y o c ta d e c - 9 ,1 1 -d ie n o a te  ( 3 9 ) .
(3 0 )
B o th  m e th y l x im e n y n a te  and th e  e s t e r  (3 9 )  h av e  b een
43found  i n  a n  E x o c a rp u s  se e d  o i l  by M o rr is  e t  a l .  A lth o u g h  
th e  same w o rk e rs  fo u n d  no l l ,1 2 - e p 0 3 s y e s te r  i n  th e  o i l ,  th e  
e a s e  w ith  w h ich  i t  was c o n v e r te d  t o  th e  f u r a n  s u g g e s ts  t h a t
t h e  e p o x id e  (1 0 3 ) may b e  an  in te r m e d ia te  i n  t h e  b i o s y n t h e s i s
82o f  th e  f u r a n  ( 3 9 ) ,  G u n sto n e  h a s  p o s tu l a t e d  t h a t  e p o x id e s  
a r e  in t e r m e d ia t e s  i n  f a t t y  a c id  b io s y n th e s i s  and su b se q u e n t
7*7w ork by  C o n ach er and G u n sto n e  ‘ s u p p o r te d  t h i s  view*
— 88 —
M eth y l c re p e n y n a te
A s i m i l a r  r e a c t i o n  u s in g  m e th y l 9 ,1 0 -e p o x y c o ta d e c - 1 2 -  
y n o a te  (1 0 4 ) p r e p a re d  from  m e th y l c re p e n y n a te  gave  no f u r a n  
a s  d e te rm in e d  by GLC. TLC a n a l y s i s  showed two t a i l i n g  p o la r  
s p o ts  and th e  r e a c t i o n  was n o t  i n v e s t i g a t e d  . f u r t h e r .
T h is  f a i l u r e  may b e  due to  th e  f a c t  t h a t  t h e  p c a rb o n  
atom  o f  t h e  1 2 ,1 3 -ep o x y e s t e r  (1 0 4 ) i s  u n s u b s t i t u t e d ,  w hich  
was n o t  th e  c a s e  i n  th e  compound (1 0 0 ) s tu d ie d  by M i l l e r .
On th e  o th e r  h a n d , c i s  and  t r a n s  e p o x id e s  may b eh a v e  d i f f e r ­
e n t l y  i n  t h e  r e a c t i o n ,  th e  c i s  e p o x id e  from  m e th y l c r e p e n y n a te  
g iv in g  d i f f e r e n t  p r o d u c ts  from  th e  t r a n s  e p o x id e  d e r iv e d  from  
m e th y l x im e n y n a te .
PART




l.CycllsatlORs vri.th lead tetraac^tatg.
85I n  1959 , C a i n e l l i  e t  a l .  o b s e rv e d  t h a t  t h e  s t e r o i d a l
a lc o h o l  (111) g av e  th e  c o r re s p o n d in g  t e t r a h y d r o f u r a n  compound
(1 1 2 ) when o x id i s e d  w i th  l e a d  t e t r a a c e t a t e .  T h is  was th e
f i r s t  exam ple o f  t h e  o x id a t io n  o f  a -CH g ro u p  w i th  t h i s
r e a g e n t ,  a l th o u g h  i t s  u s e  a s  an  o x i d i s i n g  a g e n t  f o r  o r g a n ic










S in c e  th e n ,  t h e  r e a c t i o n  h a s  b e e n  a p p l i e d  t o  a  g r e a t
many s t e r o i d a l  a lc o h o l s  and  th e s e  h av e  b e e n  c o l l e c t e d  i n  a
87re v ie w  by H e u s le r  and K a lv o d a ,
I n  19G3, MiCOvie e t  a l , ^ ^  su cc ee d e d  i n  c y c l i s l n g  some 
open  c h a in  a lc o h o l s  i n  w h ich  th e  two r e a c t i v e  c e n t r e s  w ere 
n o t  f i x e d .  They w ere  a b le  t o  o x id i s e  b o th  p r im a ry  (1 1 3 ) 
and  s e c o n d a ry  (1 1 4 ) a l i p h a t i c  a lc o h o ls  t o  t h e  c o r re s p o n d in g  




(1 1 3 )
RCH CH„CHCH(OH)R'A
(1 1 5 )
(1 1 6 )
(1 1 4 )
S u b s e q u e n tly ,  M ih a i lo v ic  o t  o x id i s e d  many p r im a ry
and s e c o n d a ry  a l i p h a t i c  a l c o h o l s ,  and some o y c lo a lk a n o ls ,  to
1 ,4 -^ p o x id e s  i n  y i e l d s  o f  41-55% ,
S im i la r  c y c l i s a t i o n  p r o c e s s e s  h av e  b e e n  o b s e rv e d  i n  th e  
r e a c t i o n  b e tw een  le a d  t e t r a a c e t a t e  and  o x im es^ ^ , and  b e tw een  
a lc o h o l s  and l e a d  t e t r a a c o t a t e - i o d i n o  ( th e  s o - c a l l e d  
* h y p o io d ite  r e a c t i o n * ) , ^^
M echanism  o f  t h e  r e a c t i o n ,
The i n i t i a l  s t e p  i n  t h e  r e a c t i o n  i s  b e l ie v e d  t o  be  th e  
r e v e r s i b l e  f o rm a t io n  o f  a  le a d  a lk o x id e  (1 1 7 ) from  th e  a lc o h o l  
and  le a d  t e t r a a c e t a t e : -
ROH + Pb(OAc^$ RO-Pb(OA.c)g| + AcOH
(1 1 7 )
# h e  a lk o x id e  (1 1 7 ) th e n  u n d e rg o e s  h e m o ly tic  f i s s i o n  to  
g iv e  t h e  o x y * * rad ica l (1 1 8 ) w h ich  a b s t r a c t s  a  h y d ro g en  atom  
from  a  d -c a rb o n  fo rm in g  th e  r a d i c a l  p a i r  (1 1 9 ) :  -
« X  ^  I .  « X  #-P b -0  C  ÿ  -Pb* 0  C _ HO C *Pb-
’ 1__________I “ ’ I_______ I ‘
(1 1 7 ) (1 1 8 ) (1 1 9 )
-  101
Tho r a d i c a l  p a i r  th e n  u n d e rg o e s  a  one e l e c t r o n  t r a n s f e r  
p r o c e s s  g iv in g  th e  io n  p a i r  ( 120) w hich  c y c l i s e s  by th e  l o s s  
o f  a p r o to n  t o  th e  t e t r a h y d r o f u r a n  (121) : -
j + f>HO Ç 'P b -  —^  H -0 C P b -  - 0 C P%)(OA.c)* * 1 i l *  I I 4- 2I I + AcOH
VJ
(119) (120) (121)
I t  i s  a l s o  p o s s i b l e  f o r  t h e  03cy r a d i c a l  (1 1 8 ) t o  a b s t r a c t  
h y d ro g e n  from  th o  a c a rb o n  th u s  fo rm in g  a  c a rb o n y l compound 
( 122) : -
Ô o.1 JH
(1 1 0 )  (1 2 3 )
I t  was hoped  t h e r e f o r e ,  t h a t  m e th y l 9 and 12-h y d ro3cy- 
s t e a r a t e s  w ould  c y c l i s e  i n  t h i s  m anner t o  g iv e  m ix tu re s  o f
l ,4 -e p 0 3 c id o s ,  B ra n d t and  D je r a s s i^ ^  h av e  a l r e a d y  shown 
t h a t  t h e  9-h y d ro2c y e s te r  f u r n i s h e s  a  m ix tu re  o f  th e  6 ,9  and  
9 ,1 2 - e p o x id e s ,  b u t  th e y  g iv e  no i n d i c a t i o n  o f  y i e l d s  n o r  
o f  any  o t h e r  p r o d u c ts  form ed i n  th e  r e a c t i o n .  S in c e  i t  
was e x p e c te d  t h a t  0] c o -e s te r s  w ould  accom pany th e  c y c l i c  
e t h e r s ,  th e  t o t a l  p ro d u c t  was t r e a t e d  w ith  sodium  b o r o -  
h y d r id e  p r i o r  t o  p rep ,T L C , f o r  th e  two ty p e s  o f  compound 
h a v e  s i m i l a r  % aolarity  on  s i l i c a  g e l .  The r e a c t i o n s  o f  two 
u n s a tu r a t e d  e s t e r s  ( 1 8 :1 ,  120H,9c^ and  90H,12jc) and  o f  m e th y l
102 -
9 ,12- d ih y d r o x y s te a r a te  w ere  a l s o  ex am in ed ,
C y l i s a t i o n s  w ith  m e ta l  o x id e -h a lo g o n  r e a g e n t s .
I t  h a s  b e e n  shown t h a t  s t e r o i d a l  a l c o h o ls  c a n  b e  co n ­
v e r t e d  to  1 , 4 - e p o x id e s  by th e  a c t i o n  o f  e i t h e r  m e rc u r ic  o x id e  
and i o d i n e o r  s i l v e r  ozcide and  brom ine# I n  t h e s e
m o le c u le s ,  t h e  r e a c t i v e  c e n t r e s  a r e  f ix e d ,  b u t  M ih a ilo v ic ^
95e t  a l ,  r e c e n t l y  a p p l ie d  t h i s  r e a c t i o n  t o  t h e  c y c l i s a t i o n  
o f  open  c h a in  a l c o h o l s  i n  w hich  th e  above l i m i t a t i o n  d oes 
n o t  a p p ly .  They o b ta in e d  b e t t o r  y i e l d s  o f  1 , 4 -e p o x id e s  
th a n  from  th e  c o r re s p o n d in g  le a d  t e t r a a c e t a t e  r e a c t i o n s ,  
and  fo und  t h a t  t h e  o n ly  o th e r  p ro d u c t was th e  c a rb o n y l  com­
pound ( 122) .
Such o x id a t io n s  w ere  c a r r i e d  o u t  on th e  two s a tu r a t e d  
m o n o h y d ro x y o o te rc  and on m eth y l 9 ,1 2 -d ih y d ro x j ’^ s te a r a te  
o n ly ,  s in c e  i t  was c o n s id e re d  t h a t  th o  h a lo g e n  w ould  r e a c t  
w ith  any o l e f i n i c  c e n t r e  i n  th e  m o le c u le .
DISCUSSION
M ethy l r i c i n o l e a t e  and m e th y l 9 -h y d ro x y o c ta d e c - c l s -  
12- e n o a te  w ere  p r e p a re d  a s  d e s c r ib e d  p r e v io u s ly  ( p ,4i ) *
The c o r re s p o n d in g  s a t u r a t e d  e s t e r s  w ore o b ta in e d  by h y d ro g ­
e n a t io n  o f  t h e  o l e f i n i c  com pounds. M eth y l # 9 ,1 2-d ih y d ro 2cy' 
s t e a r a t e  was p r e p a re d  by m é th y la t io n  o f  th o  a c id  (p , 1 3 9 ) ,
if 103 "i ,
R e a c t io n s  w ith  l e a d . t e t r a a c e t a t e ,
1 .  M ethy l 1 2 - h y d r o x y s t e a r a t e .
The h y d r o x y e s te r  was r e f lu x e d  f o r  20 h o u rs  w i th  le a d  * 
t e t r a a c e t a t e  i n  b en ze n e  s o l u t i o n .  The t o t a l  r e a c t i o n  p ro d u c t  
was exam ined  on  GLC ( t a b l e  33 ) and TLC,
TABLE 33 ,
ECLs(DEGS) ECLs(ApL)
1 6 .3  1 3 .7  (5%)
2 0 .3  1 7 ,8  (3%)
2 1 .3
2 1 .6  1 8 .6  (72%)
2 1 ,9
2 4 .8  (o x o ) 1 9 ,3  (3%)
2 5 .9  (h y d ro x y ) 1 9 ,8  (17%)
2 7 .6
2 8 ,2
A f t e r  r e d u c t io n  w i th  sodium  b o ro h y d r id e ,  prep.T LC  o f  
th e  p ro d u c t  a f f o r d e d  f o u r  f r a c t i o n s : -  A (7% ), B (59% ),
C (17%) and D (17% ).
F r a c t io n  D. (17%)
T h is  f r a c t i o n  gav e  no p e ak s  on GLC e i t h e r  b e f o r e  o r  
a f t e r  t r i m e t h y l s i l y a t i o n . TLC e x a m in a tio n  showed t h r e e
a p o ts  o f  low  v a lu e .  The m ix tu re  was n o t  i n v e s t i g a t e d  
f u r t h e r .
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F r a c t io n  C (17% ).
T h is  band  c o n s i s t e d  o f  m e th y l 1 2 - h y d ro x y s te a ra te  (05% ), 
[ECLs (DEGS) o f  25*9 and  1 9 .6  b e f o r e  and a f t e r  t r i m e t h y l s i l y l ­
a t i o n ] .  Of t h i s  t o t a l ,  '%2% was due to  u n ro a c te d  s t a r t i n g  
m a t e r i a l  and  13% came from  r e d u c t io n  o f  t h e  12—o x o - e s t e r .
A lso  p r e s e n t  i n  t h i s  f r a c t i o n  w ere  th e  com ponents o f  ECLs 
(DEGS) 2 7 .6  and 2 0 .2  (15% ), r e p r e s e n t i n g  p r o d u c ts  w hich  
c o u ld  n o t  bo i s o l a t e d  and  i d e n t i f i e d .
F r a c t io n  A (7% ).
GLC e x a m in a tio n  o f  t h i s  f r a c t i o n  i n d i c a t e d  t h a t  i t  was 
a com plex  m ix tu re  o f  s h o r t  c h a in  e s t e r s .  The m ajo r com ponents 
h ad  ECLs o f  1 6 .3  and  2 0 .3  (DEGS), and 1 3 ,7  and 1 7 .8  (ApL) 
and  w ere accom pan iod  by s e v e r a l  m in o r p r o d u c ts .  T h is  band  
t h e r e f o r e  c o n s i s t s  o f  v a r io u s  c le a v a g e  p ro d u c ts  and  was n o t  
exam ined  f u r t h e r .
F r a c t io n  B (59% ).
As t h e  m a jo r  p ro d u c t  o f  th e  r e a c t i o n ,  f r a c t i o n  B 
a t t r a c t e d  m ost a t t e n t i o n .  I t  was r e a d i l y  shown by GLC and  
MS to  b e  a  m ix tu re  o f  t h e  m e th y l 9 ,1 2  and  1 2 ,1 5 - e p o x y s te a r ­
a t e s  (1 2 3 ) and  (1 2 4 ) .  F r a c t io n  B h ad  ECLs o f  2 1 .3 ,  2 1 .6  
and 2 1 .9  (DEGS), and g av e  a  b ro a d  p eak  o f  ECL 1 8 .6  (A pL).
The m ass s p e c t r a l  e v id e n c e  i n d i c a t e d  an  a p p ro x im a te ly  e q u a l 
m ix tu re  o f  th o  two 1 ,4 - e p x o id e s  and  th e  m a jo r p e a k s  i n  th o  
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TABLE 34 ,
(CH ) CO CH
»
la
5 , n = 7; (1 2 3 ) 
2 , n  5= 1 0 X 1 2 4 )
227 (3 0 )  
195 (3 1 )  
200 (5 )
155 (7 5 )  
137 (7 )
1 2 ,1 5
269 (2 1 )
237 (1 0 )
242 (7 )
113 (5 4 )
95 (1 0 0 )
The p re s e n c e  o f  th e  same q u a n t i t i e s  o f  b o th  th e  9 ,1 2  
and 1 2 ,1 5  iso m e rs  i n d i c a t e d  t h a t  t h e r e  was no 
p r o fe r e n c e  f o r  h y d ro g en  a b s t r a c t i o n  a t  0 ( 9 )  o r  
0 (1 2 )  i n  th e  c h a in .
2 . M ethy l 0 - h y d r o x y s t e a r a t e .
The p ro d u c t  d e r iv e d  from  t h i s  e s t e r  y ie ld e d  e s s e n t i a l l y  
t h e  same f r a c t i o n s  a s  t h e  1 2 -h y d ro x y e s te r  a f t e r  r e d u c t io n  
and  p rep .T L C , T h ese  w e r e : -  A (8%, c le a v a g e  p r o d u c t s ) ;
B (60%, l,4 * -o p o K id es)J  C (15%, m eth y l Q -h y d ro x y s to a ra to  
and  unlm ow ns) and  D (17%, p o la r  m a t e r i a l ) .
F r a c t io n  B (60% ).
C a r e f u l  s e p a r a t i o n  o f  B by p r e p .  TLC u s in g  d o u b le  
d ev e lo p m en t y i e ld e d  two sub  f r a c t i o n s  ; B_ (47%) and
-  106 -*•
(53%)* Of t h e s e ,  t h e  l e s s  p o l a r  hand  was shown by GLC
and MS t o  ho m e th y l 9 ,1 2 - e p o x y s t e a r a t e , Tho m ore p o la r
f r a c t i o n  a l s o  h ad  ECLs o f  2 1 .3  and  2 1 .7  (DEGS), and  1 8 ,^  
(A pL), w h i l s t  th o  m ass s p e c t r a l  e v id e n c e  i n d i c a t e d  t h a t  i t  
was m e th y l 6 , 9 - e p o x y s te a r a te  ( 1 2 5 ) .  The m a jo r  p e ak s  i n  
th e  m ass s p e c tru m  o f  a r e  shown i n  t a b l e  35 .
(1 2 5 )
a a -3 2  a -5 0  c  b b -1 8
135 (1 0 0 ) 153 (7 7 )  135 (2 3 )  150 (5 8 ) 197 (5 0 )  179 (9 )
The r e a c t i o n s  o f  t h e  two s a tu r a t e d  h y d ro x y © s te rs  t h e r e  
f o r e  gave th e  e x p e c te d  1 , 4 - e p o x id e s  (00%) and t h e  p ro d u c ts  
o b ta in e d  from  ea c h  a r e  sum m arised  i n  t a b l e  36 .
ta b le  36 .
P ro d u c t 1 8 :0 .  12QH 1 8 :0 ,  90H
C le a v a g e  p ro d u c ts  7% 8%
X ,4-opo.d< loa 50%
O x o -e s te r  .3% 3%
>!«H y d ro x y e s te r  14% 12%
P o la r  m a t e r i a l  17% 17%
* T h is  f r a c t i o n  a l s o  c o n ta in s  some unknown e s t e r s .
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3 , M ethy l r i c l n o l o a t e .
I n  a l l  l e a d  t e t r a a c e t a t e  r e a c t i o n s ,  c a rb o n y l- fo rm in g  
f r a g m e n ta t io n  p r o c e s s e s  may com pete w ith  h y d ro g en  a b s t r a c t i o n *
I n  th e s e  c a s e s ,  th e  o3cy r a d i c a l  (1 1 8 ) decom poses t o  th e  c a rb o n y l  






(1 2 6 )
R'CHO
(1 2 7 )
Such a p ro c e s s  w ould  be  fa v o u re d  i3l th e  r e s u l t i n g  a lk y l
r a d i c a l  (1 2 6 ) w ere  re s o n a n c e  s t a b i l i s e d ,  and p a r t i c u l a r l y  i f
i t  w ere  p a r t  o f  an  a l l y l  o r  b e n z y l  sy s te m .
A s im p le  f r a g m e n ta t io n  r e a c t i o n  was o b se rv e d  by  B raude  
96and  W h eele r i n  th e  o x id a t io n  o f  1 - a l ly l c y c lo h e x a n o l  (1 2 0 ) 
v/hioh gave c y o lo h e x a n o n e  (1 2 9 ) a s  t h e  m a jo r p ro d u c t  (00%)
0
■ CH GH==CÏÏ
(120) (1 2 9 )
9 7 ,9 0S im i la r  r e s u l t s  w ere  o b ta in e d  by Amorosa e t  a l .  
i n  s tu d i e s  on th e  o x i d a t i o n  o f  s t e r o i d a l  a l c o h o l s .  N o te  
t h a t  i n  t h e  seco n d  ex am p le , f r a g m e n ta t io n  h a s  b e en  accompan- 
i e d  by a l l y l i c  r e a r r a n g e m e n t .
"OCHz,
Pb(OAC)
-  100 r
OAc
HQ— CH
In  th o  c a s o  o f  m e th y l r i c i n o l e a t e ,  c le a v a g e  a t  C ( l l )
w ould l e a d  t o  t h e  a l l y l  r a d i c a l  (1 3 0 ) ,  and th u s  t h e  o x p e c to d
p r o d u c ts  w ould b o  h e p ta n a l  (1 3 1 ) and  th e  C__ a c e t a t e  ( 1 3 2 ) ; -11
RCH-CH_CH=CHR*rOH
RCHO + .CHgCHzCHr* 
(1 3 1 ) (130 )





(1 3 2 )
I t  was hoped  p a r t i c u l a r l y ,  t h a t  th e  d o u b le  bond w ould 
r e t a i n  i t s  c i s  c o n f i g u r a t i o n ,  and  t h a t  th e  r e a c t i o n  c o u ld  bo 
s u c c e s s f u l l y  c a r r i e d  o u t  on  c a s t o r  e s t e r s .  T h is  w ould 
r e s u l t  i n  th o  p r o c e s s  b e in g  o f  some s y n th e t i c  im p o r ta n c e ,  
s in c e  t h e  a l l y l  e s t e r  (1 3 2 ) w ould  be  r e a c t i v e  i n  c o u p l in g  
r e a c t i o n s ,
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The p ro d u c t  o f  th e  r e a c t i o n  b e tw een  c a s t o r  e s t e r s  (c o n ­
t a i n i n g  a b o u t 85% o f  m e th y l r i c i n o l e a t e )  and  le a d  t e t r a a c e t a t e  
was exam ined  on GLC ( t a b l e  37) and  TLC,
TABLE 3 7 ,
ECLs (PEGS) ECLs (Apl,)
1 6 .0  1 3 .2
1 8 .0  1 4 ,5
1 8 ,6  1 6 ,0
1 8 ,9  1 7 ,7
1 9 .4  1 8 .0
2 1 .3
T h ese  f i g u r e s  show t h a t  two new com ponents o f  ECLs 1 8 .9  
and  2 1 ,2  (DEGS), and  1 3 ,2  and  1 4 ,5  (ApL) h av e  b e e n  fo rm ed ,
Tho low  ECLs on th e  l a t t e r  p h a se  i n d i c a t e  t h a t  th e y  a r e  b o th  
c le a v a g e  p r o d u c ts .
Prep,TLC o f  th e  r e a c t i o n  p ro d u c t  gave t h r e e  b a n d s ; -  
A (13%, a m ix tu re  o f  non  o x y g e n a te d  e s t e r s  p r e s e n t  i n  
c a s t o r  e s t e r s ) ;  B (70%) and  C <17%, p o la r  m a t e r i a l ) .
F r a c t io n  B (70% ).
F r a c t io n  B c o n ta in e d  b o th  th e  now com ponents (GLC) i n  
t h e  r a t i o  o f  2 0 :8 0 , The IR s p e c tru m  o f  B gave b an d s a t  1240 
and  1020 cm ^ ( a o e to x y )^ ^  and a  l a r g e  p ea k  a t  970 om""^(t r a n s ) . 
The NMR sp e c tru m  gave  s i g n a l s  a t  8 .0 ?  (-OCOCH^), 5 .5 5  and 
5 .6 5 t  (RO-Ql^-CHsaCH-) and 4 .3  -  4 ,6 ?  ( o l e f i n i c  p r o to n s ) .  The 
s p e c tru m  a l s o  showed no s ig n a l  a t  9 ,1 ?  f o r  th e  t e r m in a l  m e th y l
-  110 -
g ro u p , th u s  c o n f irm in g  t h a t  t h e  com ponents a r e  b o th  c le a v a g e  
p r o d u c t s .  T hose r e s u l t s  i n d i c a t e d  t h a t  t h e  m a jo r  com ponent 
was th e  a c e to x y e s t e r  (1 3 3 ) b u t  b o th  GLC e v id e n c e  and th e  i n ­
a c c u ra c y  o f  t h e  MÏR i n t e g r a l  s u g g e s te d  t h a t  i t  was n o t  p u r e ,
Î.
AcOCHgCH=CH(CH )^COgCHg
(1 3 3 )
F r a c t i o n  B was th e n  s u b je c te d  to  a l k a l i n e  d o - a c e t y l a t i o n ,  
and  th e  r e s u l t i n g  h y d r o x y e s te r s  B* h ad  ECLs o f  2 0 ,9  and  2 3 ,2  
(DEGS), and  1 2 ,6  and 1 3 ,7  (A pL ), B* was s e p a r a te d  by p r e p ,
TLC i n t o  two b an d s  o f  s i m i l a r  v a lu e ;*  B* (18%) and  
(82% ),
F r a c t io n  Bl ,
B l h ad  ECLs o f  2 3 .3  (PEGS) and 1 3 .6  (A pL ). The IR
***1 —1 s p e c tru m  showed b an d s a t  3600 cm4 (OH) and  970 cm ( t r a n s ) ,
w h i l s t  t h e  KIR sp e c tru m  gave  s i g n a l s  a t  8 .6 8 ?  [lOH, - (C H g )^ - ] ;
7 .6  -  8 .1 ?  (4H, -CH=CHCH^- and  -CH^OOg^CHg) ; 6 .4 ?  (3H, -OO^CHg);
* ^ .1 ?  (2H, HO-C^gCHssCH-) and  ^ 4 .5 ?  ( o l e f i n i c  p r o to n s ) ,  von
R u d lo f f  o x id a t io n  gave a z e l a i c  a c id  o n ly ,
B*2 i s  t h e r e f o r e  m e th y l 1 1 -h y d ro x y u n d ec - t r a n s - 9 -e n o a te
(1 3 4 ) and th e  o v e r a l l  y i e l d  o f  t h i s  e s t e r  from  m e th y l r i c i n -
o l o a t e  c a n  be  c a l c u l a t e d  a s  b e in g  68.5% ,
HOCHgCH=CH(CHgAyCOgCHg 
(1 3 4 )
-  I l l  *
The f a c t  t h a t  th e  d o u b le  bond i s  t r a n s  (B* showed o n ly  
one s p o t  on Ag^TLC) l e s s e n s  t h e  s y n th e t i c  im p o rta n c e  o f  th e  
r e a c t i o n .
F r a c t io n
h a d  ECLs o f  2 0 .3  (DECS) and  1 2 .8  (A pL). The IR 
s p e c tru m  showed a b s o r p t io n  a t  3600 cm ^ (O H ),an d , m ore s i g -  
n i f i c a n t l y ,  a t  3030, 990 and  920 cm , T h ese  l a s t  t h r e e
a b s o r p t io n s  c o u ld  be  a t t r i b u t e d  to  th e  p re s e n c e  o f  a v in y l  
g ro u p , and  i t  i s  p o s s i b l e  t h a t  B | i s  th e  is o m e r ic  hydrozcy  
e s t e r  (1 3 0 ) d e r iv e d  from  tb #  c a n o n ic a l  fo rm  o f  th e  a l l y l  
r a d i c a l  ( 1 3 0 ) :*
.CHgCH=CH(CHg)^COgCHg -^----> CHg=CHCH(CHg)^COgCHg
(1 3 0 }
I i
HOCHgCH=K:H(CHg)^CO^CHg CH^=CH(OH) <CH2>^C0^CHg
(1 3 4 ) (1 3 5 )
Owing t o  tbw  la c k  o f  m a t e r i a l ,  no f u r t h e r  work c o u ld  
b e  c a r r i e d  o u t on  f r a c t i o n  B ^ .
I t  seem s l i k e l y  t h a t  t h e  a l l y l  r a d i c a l  (1 3 0 )  m ust hav e  
had  a s u f f i c i e n t  l i f e t i m e  f o r  re s o n a n c e  t o  o c c u r ,  i n  o r d e r  t o  
a c c o u n t f o r  th e  f o rm a tio n  o f  th o  t r a n s  d o u b le  bond i n
The p ro d u c ts  o b ta in e d  from  th o  o x id a t io n  o f  c a s t o r  e s t e r s  
a r e  sum m arised  i n  t a b l e  38 .
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TABLE 38,
P ro d u c t Y ie ld  %
t jn r e a c te d  non  o x y g e n a te d  C e s t e r s  13lu
M eth y l 1 1 -h y d ro x y u n d ec - t r a n s - 9 -o n o a te  58
Unltnown ( p o s s ib ly  t h e  is o m e r ic  a c e t a t e )  12
More p o la r  p ro d u c ts  17
4 , M eth y l 9 - h y d r o x y o c ta d e c - c is ~ 1 2 - e n o a te ,
As o u t l i n e d  i n  th e  i n t r o d u c t i o n  to  t h i s  s e c t i o n ,  one o f  
th e  in t e r m e d ia t e s  i n  t h e  fo rm a tio n  o f  c y c l i c  e t h e r s  i s  th e  io n  
p a i r  (120)*  I n  a d d i t i o n  t o  c y c l i s a t i o n ,  t h i s  io n  p a i r  may 
a l s o  l o s e  a  p r o to n  t o  form  th e  ^ - I r / d r o x y o le f in  (1 3 6 ) w h ich  
th e n  r e a c t s  w i th  a n o th e r  o x y r a d ic a l  y i e l d i n g  th e  5 and  G-mem- 
b e re d  a c e to x y  c y c l i c  e t h e r s  (1 3 7 ) and  ( 1 3 8 ) ^ ^ ;~
J
(1 3 7 )(1 2 0 ) (1 3 6 )  (1 3 8 )
A r e a c t i o n  o f  t h i s  n a tu r e  was o b se rv e d  b y  M o r la r ty  and 
K ap ad ia^^^  i n  t h e  o x id a t io n  o f  th o  ^ - h y d r o x y o l e f i n  (1 9 9 )  o f  




(1 3 9 )
-  13.3 -
A lth o u g h  no c y c l i c  o t h e r s  su c h  a s  (1 3 7 ) and  (1 3 0 ) w ere  
d e t e c t e d  i n  th e  o x id a t io n s  o f  th e  s a tu r a t e d  h y d r o x y e s te r s ,  
m e th y l 9 -h y d ro x y o c ta d e o * » o is -1 2 '^ n o a to  (4 3 )  i s  a % hydroxy**' 
o l e f i n  w i th  a s i m i l a r  s t r u c t u r a l  u n i t  t o  t h a t  o f  ( 1 3 6 ) .  T h is  
e s t e r  w ould t h e r e f o r e  b e  e x p e c te d  t o  y i e l d  a m ix tu re  o f  th o  
1 3 * -ac0 to x y -9 ,1 2 -o p o x id o  (1 4 0 ) and  th e  1 2 -a c e to x y - '9 ,1 3 -e p o x id e
( 1 4 1 ) ,  The l a t t e r  w ould  b e  o f  p a r t i c u l a r  i n t e r e s t ,  s in c e  
m ost o f  t h e  c y c l i s a t i o n  r e a c t i o n s  so  f a r  d i s c u s s e d  h av e  o n ly  
y ie ld e d  t e t r a h y d r o f u r a n s .
(4 3 ) (140) (1 4 1 )
The r e a c t i o n  p ro d u c t  from  th e  o x id a t io n  o f  t h e  e s t e r  















Prop,TLC o f  th e  p ro d u c t  a f f o r d e d  f o u r  f r a c t i o n s : -  A (14% ), 
B (32% ), C (20%) and D (26% ).
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F r a c t io n  D (26% ).
F r a c t io n  D gav e  no poaks e i t h e r  b e f o r e  o r  a f t e r  t r i m e t h y l -  
s i l y l a t i o n  and  showed fo u r  p o la r  s p o ts  on  TLC. The f r a c t i o n  
was n o t  exam ined f u r t h e r ,
F r a c t i o n  A (14% ),
T h e se  e s t e r s  h ad  ECLs o f  2 1 ,3 ,  2 2 ,0  and  2 3 ,0  (DECS) and 
1 8 ,6 ,  1 0 .7 ,  1 8 .9 ,  1 9 ,6 ,  and  1 9 ,0  (A pL), A f t e r  h y d ro g e n a t io n ,
A gave m e th y l s t e a r a t e  (ECL IG.O on  b o th  co lu m n s) and  m eth y l
1 ,4 - e p o x y s t e a r a t e s  [ECLs 2 1 ,3  and  2 1 ,7  (DEGS) and  1 0 .6  (A p L )].
A a p p e a r s  t o  c o n ta in  some n o n -o x y g e n a te d  C^^ e s t e r s  and  p o s s ib ly  
some d ih y d ro f u r a n s  b u t  l a c k  o f  m a t e r i a l  made f u r t h e r  i n v e s t i g ­
a t i o n  im p o s s ib le .
F r a c t io n  B (32% ).
F r a c t io n  B gave a s ig n a l  i n  th e  sp e c tru m  a t  8 .0 5 ?
and  was c o n s id e re d  to  b e  an  a c e to x y  com pound. B was s u b je c te d  
t o  a l k a l i n e  d e - a c o t y l a t i o n  and  th e  r e s u l t i n g  h y d ro x y e s to r  was 
m e th y la te d  (m e th y l i o d i d e - s i l v e r  o x id e ) .  The ECLs (DEGS) o f  
th e  a c e to x y  , h y d ro x y  ( a s  i t s  t r i m o t h y l s i l y e t h e r ) , and  m e th o x y - 
d e r i v a t i v e s  a r e  c o l l e c t e d  i n  t a b l e  4 0 .
TABLE 4 0 ,
Compound ECL (DEGS) ECL (ApL)
A c e to x y e s te r  2 6 ,0  2 0 .1
H y d ro x y e s to r  2 1 ,1
M etho2c y e s te r  2 2 ,7  —
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The m ass sp e c tru m  o f  t h e  m e th y l e t h e r  c l e a r l y  showed t h a t  
i t  was m e th y l 1 2 ~ n e th o x y -9 ,1 3 -e p o x y s te a ra te  (1 4 2 ) and  th e  m ain 
p eak s  i n  t h e  sp e c tru m  a r e  l i s t e d  i n  t a b l e  4 1 .




(1 4 2 )
ÊL 2  â.
2 7 1 (1 0 0 ) 1 0 7 (3 5 ) 1 0 5 (4 7 ) 1 6 7 (1 0 ) 1 5 5 (7 0 ) 1 5 3 (1 0 ) 1 3 5 (0 )
The o r i g i n a l  p ro d u c t  o f  th o  r e a c t i o n  was t h e r e f o r e  th e  
c o r re s p o n d in g  1 2 - a c e to x y e s te r  (1 4 1 )
y(CH2)7C0gCH3
(1 4 1 )
F r a c t io n  C (20% ).
Tho MIR sp e c tru m  o f  C a l s o  gave a s ig n a l  a t  8 ,0 ?  ( a c e to x y ) ,  
and  C v/as d o - a c e ty l a t e d  and  m e th y la te d  a s  o u t l i n e d  i n  th e  d i s ­
c u s s io n  o f  f r a c t i o n  B . T a b le  41 g iv e s  th e  ECLs o f  th e  a c e to x y  , 
hydro3cy and m e tl io x y e s te r s  th u s  p ro d u c e d .
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TABLE 4 2 ,
Compound
A c e to x y e s te r
H y d ro x y e s to r







The m ass s p e c tru m  o f  t h e  m e th y l e t h e r  showed t h a t  i t  was 
m e th y l 1 3 -m eth o x y - 9 ,1 2 - e p o x y s te a r a te  (1 4 3 ) and  th e  m a jo r p eak s  
a r e  l i s t e d  i n  t a b l e  4 3 ,
TABLE 4 3 ,
ÏB
b
2 2 7 (0 0 )
OMe
(1 4 3 )
b ”l 8  ^ —32 b -5 0  a_
2 0 9 (2 1 ) 1 9 5 (1 0 0 ) 1 7 7 (3 2 ) 1 1 5 (4 5 )
a^ —32
0 3 (6 9 )
The p a r e n t  compound was t h e r e f o r e  t h e  1 3 - a o e to x y e s te r  (1 4 0 )
OAc
(1 4 0 )
I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  te tra h y d ro |@ y ran  <ifltor 
i s  l e s s  p o l a r ,  b o th  on GLC and TLC, th&n th e  c o r re s p o n d in g
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t e t r a h y d r o f u r a n  com pound. T h is  a g re e s  w ith  t h e  o b s e r v a t io n s
38o f  B ra n d t and  D jo r a s s i  and  w i th  th o  r e s u l t s  o b ta in e d  i n  p a r t  
2 from  th e  u n s u b s t i t u t e d  e p o x id e s ,
The p ro d u c ts  o b ta in e d  from  th e  o x id a t io n  o f  m e th y l 9 -  
h y d ro x y Q c ta d e c - c i s - 1 2 - e n o a te  w ith  le a d  t e t r a a c e t a t e  a r e  summ­
a r i s e d  i n  t a b l e  4 4 ,
T/iBLB 4 4 .
P ro d u c t Y ie ld  %
Unknown e s t e r s  14
m e th y l 1 2 - a o e to x y - 9 ,1 3 - e p o x y s te a r a te  32
m e th y l 1 3 -a c e to x y -9 ,1 2 '- o p o x y s te a r a to  28
M ore p o l a r  e s t e r s  26
R e a c t io n s  v / i th  m e ta l  o x id e s  and  h a lo g e n s ,
X, O x id a t io n s  w i th  s i l v e r  o x id e  and b ro m in e .
The s a t u r a t e d  h y d r o x y e s te r s  w ere t r e a t e d  w i th  a n  e x c e s s  
o f  s i l v e r  o x id e  and  b ro m in e  i n  n -h e x a n e  s o l u t i o n  i n  th e  d a r k .  
The t o t a l  p ro d u c t  was exam ined  by  GLC, re d u c e d  w i th  b o ro h y d r id e  
and  s e p a r a te d  b y  p rep .T L C , The i n d i v i d u a l  f r a c t i o n s  w ere  
i d e n t i f i e d  by s i m i l a r  m eans t o  th o s e  o u t l i n e d  i n  t h e  le a d  
t e t r a a c e t a t e  r e a c t i o n s  and  th e  r e s u l t s  a r e  sum m arised  i n  t a b l e  
4 5 .
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TABLE 4 5 ,
Products
1 ,4 -o p o x id e s
O x o -Q sto r 
H y d ro x y e s to r  
P o la r  m a t e r i a l
S t a r t i n g  M a te r ia l  





1 0 ;0 .9 0 H
(9,12)~2G %




2 , O x id a t io n s  w i th  m e rc u r ic  o x l d e - io d i n e .
The h y d r o x y s te a r a te s  w ere  t r e a t e d  w i th  an  e x c e s s  o f  
m e rc u r ic  o x id e  and io d in e  i n  c a rb o n  t e t r a c h l o r i d e ,  th e  s o l u t i o n  
b e in g  i r r a d i a t e d  w i th  a  500W tu n g s te n  lam p. The p r o d u c ts  w ore 
exam ined  a s  d e s c r ib e d  above  and  th e  r e s u l t s  a r e  shown i n  t a b l e  
4 6 ,
TABLE 4 6 .
P ro d u c ts
Unlmown s h o r t - c h a i n  e s t e r s
l ,4 - e p 8 * id e s
More p o l a r ,  i n v o l a t i l e  
p r o d u c ts








(6 ,9 ) -1 5 %
61%
T h is  r e a c t i o n  i s  c l e a r l y  o f  no p r e p a r a t i v e  u s e ,  and  i t  
i s  p o s s i b l e  t h a t  t h e  p o l a r  m a t e r i a l  may r e s u l t  from  h y d ro g e n
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a b s t r a c t i o n  a t  C ( 2 ) ,  T h is  p o s i t i o n  i s  somewhat a c t i v a t e d  by 
b e in g  a d ja c e n t  t o  t h e  carbom ethosry  g ro u p , and  th e  fo rm a tio n
X02o f  2 ,2 -d e h y d ro d im e rs  i n  o t h e r  r a d i c a l  r e a c t i o n s  i s  w e l l  Imown.
When th e  r e a c t i o n  was c a r r i e d  o u t  u n d e r  r e f l u x  i n  th e  
d a r k ,  t h e  o n ly  two p r o d u c ts  w ere  th e  oxo e s t e r  (70%) and  th e  
h y d r o x y e s to r  (30% ). The n o rm al m ethods o f  o x id a t io n  o f  
h y d ro x y e s te r s ^ ^ * ^ ^ ^  a r e  u s u a l l y  c o m p lic a te d  by f u r t h e r  c le a v a g e  
o f  t h e  0X0- e s t e r  fo rm ed , and  t h i s  r e a c t i o n  may w e l l  p r o v id e  
a n  e a s i e r  m ethod o f  o x i d a t i o n .  The w ork c o u ld  n o t  be  c o n ­
t in u e d  ow ing t o  l a c k  o f  t im e .
R e a c t io n s  o f  m e th y l 9 ,1 2 - d ih y d r o x y s t e a r a t e .
I n  a l l  o x id a t io n  r e a c t i o n s  ( l e a d  t e t r a a c e t a t e  and m e ta l  
o x id e  h a lo g e n ) ,  t h i s  e s t e r  g av e  no  r e c o g n is a b le  p r o d u c t s ,  GLC 
e v id e n c e  i n d i c a t e d  some u n r e a c te d  s t a r t i n g  m a t e r i a l  and  some 
b ro a d  humps o f  ECL /  3 0 . TLC e x a m in a tio n  showed a  com plex  
m ix tu re  o f  com ponents many o f  w h ich  w ore m ore p o l a r  th a n  th e  
s t a r t i n g  m a t e r i a l .  T h e re  was no e v id e n c e  f o r  th e  p r e s e n c e  
o f  any  b i s - t o t r a h y d r o f u r a n  e s t e r s  su c h  a s  (1 4 4 ) w h ich  m ig h t 
h a v e  b e e n  fo rm ed .
, , o
(1 4 4 )
E3CEERIMENTAL
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GENERAL
P u r i f i c a t i o n  o f  s o l v e n t s .
A l l  s o lv e n t s  w ere  r e a g e n t  g ra d e  u n le s s  o th e r w is e  s t a t e d .  
E th e r  and  b en zen e  w ere  d r i e d  by d é c a n ta t io n  from  an h y d ro u s  
c a lc iu m  c h lo r id e  and s to r e d  o v e r  sodium  w i r e , D ioxan  and 
d im e th y l s u lp h o x id e  w ere d i s t i l l e d  from  c a lc iu m  h y d r id e  and 
k e p t  o v e r  sodium  v /ire  and  m o le c u la r  s ie v e  3^ r e s p e c t i v e l y .  
C arbon  d i s u lp h id e  was s to r e d  i n  th e  d a rk  o v e r  c a lc iu m  c h lo r id e  
and  p y r id in e  d r i e d  by d i s t i l l a t i o n  from  p o ta s s iu m  h y d ro x id e  
p e l l e t s .  P e tro le u m  r e f e r s  t o  t h e  f r a c t i o n  o f  b , p .  4 0 -0 0 ^ 0 , 
M eth an o l was d r i e d  by V o g e l 's  p ro c e d u re
T h in -L a y e r  C hrom atog raphy  (TLC),
A n a ly t i c a l  TLC was c a r r i e d  o u t on s i l i c a  g e l  G (0 ,2 5  mm 
w et t h i c k n e s s )  and  o n  s i l i c a  g e l  G c o n ta in in g  15% s i l v e r  
n i t r a t e .  G la s s  p l a t e s  20 cm fey 5 cm w ere  u se d  f o r  a n a l y t i c ­
a l  w o rk . P r e p a r a t i v e  TLC was done on  l a y e r s  o f  1 mm w et
th ic k n e s s  u s in g  20 cm by 20 cm g l a s s  p l a t e s  th ro u g h o u t .
T hose  p ro c e d u re s  a r e  a b b r e v ia t e d  a s  fo l lo w s :
A n a ly t i c a l  TLC -  TLC
A n a ly t i c a l  s i l v e r  n i t r a t e  TLC -  Ag***TLC
P r e p a r a t iv e  TLC -  P re p , TLC
P r e p a r a t iv e  s i l v e r  n i t r a t e  TLC -  P re p , Ag^TLC
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M ix tu re s  o f  e t h e r  and  p e tro le u m  w ere n o rm a lly  u se d  a s  
d e v e lo p in g  s o lv e n t s  a l th o u g h  ch lo ro fo rm *-m ethano l m ix tu re s  
w ere  m ore s u i t a b l e  f o r  p o ly h y d ro x y  com pounds. The l e t t e r s  
E , P , C and  M s ta n d  f o r  e t h e r ,  p e tro le u m , c h lo ro fo rm  and 
m e th a n o l r e s p e c t i v e l y  and  m ix tu re s  a r e  w r i t t e n  i n  s h o r th a n d  
form s su c h  a s  PE40 and  M 0 # 6 ,th e  num ber i n d i c a t i n g  th e  p e r ­
c e n ta g e  b y  volum e o f  t h e  l a t t e r  com ponent.
A n a ly t i c a l  TLC p l a t e s  w ere  v i s u a l i s e d  by s p ra y in g  w ith  
a n  o th a n o l i c  s o l u t i o n  (10%) o f  phosphom olybd ic  a c i d .  The 
com ponents a p p e a re d  a s  d a rk  g re o n  s p o ts  when h e a te d  i n  an  
oven  a t  a p p ro x , llO ^C f o r  10 m in u te s .  A l l  s i l v e r  n i t r a t e  
and  p r e p a r a t i v e  TLC p l a t e s  w ore made v i s i b l e  w ith  a rao th an - 
o l i c  s o l u t i o n  (0 .2% ) o f  2 ,7 - d i c h l o r o f l u o r o s c o i n  fo llo w e d  by 
v ie w in g  u n d e r  u l t r a - v i o l e t  l i g h t .
Com ponents w ere  r e c o v e re d  from  p l a t e s  by s l u r r y i n g  w ith  
e t h e r  o r  EM50 i n  y i e l d s  o f  b e tw ee n  85 and 95%,
G a s -L iq u id  C hrom atography  (GLC),
A Fye 104 m odel 4 ch ro m a to g ra p h  w ith  a f la m e  i o n i s a t i o n  
d e t e c t o r  was u s e d  th ro u g h o u t  f o r  m o thy l e s t e r  a n a l y s i s .
Columns w ere  o f  g l a s s  ( S ' by ^ / a *) and  c o n ta in e d  two d i f f e r e n t  
s t a t i o n a r y  p h a s e s ,
( a )  P o la r  p h a s e .
Columns w ere  p ack ed  w i th  Gas Chrom Z (7 0 -8 0  m esh) c o a te d  
v /ith  20% d le th y le n e  g ly c o l  s u c c in a t e  p o l y e s t e r  (DEGS),
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Norm al o p e r a t i n g  c o n d i t io n s  w ero a t  a  room te m p e r a tu re  o f  
lOO^C w ith  a  n i t r o g e n  f lo w  r a t o  o f  50 rn l/m in .
(h )  N o n -p o la r  p h a s e .
T h is  v/as 3% A p iezo n  L g r e a s e  (ApL) c o a te d  o n to  Chromo-  
so rb  G AW DMCS (8 0 -1 0 0  m esh) and  th o  norm al o p e r a t i n g  co n ­
d i t i o n s  w ere  210^0 w i th  a  f lo w  r a t e  o f  60 m l/m in .
E s t e r s  (2% s o l u t i o n  i n  e t h e r )  v/ere i n j e c t e d  e i t h e r  i n t o  
a  f l a s h  h e a t e r  h e ld  a t  260^C u s in g  a  lO p l H a m ilto n  s y r in g e  
f i t t e d  w i th  a  4 cm n e e d le  o r  d i r e c t l y  o n to  th e  colum n u s in g  
a 7 cm n e e d le .  Peak  a r e a s  v /ere o b ta in e d  by m u l t ip ly in g  
p eak  h e ig h t  by p eak  w id th  a t  h a l f  h e ig h t  and  a r e  u n c o r r e c te d .  
R e te n t io n  t im e s  a r e  r e c o rd e d  a s  e q u iv a le n t  c h a in  l e n g th s
(B C L s ) ? - 0 5
S p e c t r o s c o p ic  A n a l y s i s ,
I n f r a - r e d  s p e c t r a  ( I R ) ,
A l l  s p e c t r a  w ere  r e c o rd e d  on  a P e rk in -E lm o r  I n f r a -  
c o rd  237 , S am ples w ere  n o rm a lly  ru n  a s  1% s o lu t io n »  
i n  c a rb o n  d i s u lp h id e  o r  c a rb o n  t e t r a c h l o r i d e  u s in g  
l i q u i d  c e l l s  o f  1 mm p a th  le n g th  w ith  sodium  c h lo r id e  
w indow s, IVhen s u f f i c i e n t  m a te r ia l  was a v a i l a b l e ,  t h e  
sam ple  was ru n  a s  a  t h i n  f i lm  b e tw een  sodium  c h lo r id e  
c e l l s ,
U l t r a - V i o l e t  s p e c t r a  (UV),
A l l  s p e c t r a  w ere  r e c o rd e d  i n  m eth an o l s o l u t i o n  on 
a Unicam SP800 s p e c tro p h o to m e te r .
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N u c le a r  m a g n e tic  re s o n a n c e  s p e c t r a  (NMR),
S p e c t r a  w ere  r e c o rd e d  on a P e rk in -E lm e r  RIO s p e c t r o ­
m e te r  o p e r a t in g  a t  60 m e /se c  and  sam p les  w ere  ru n  a s  
10% s o lu t i o n s  i n  c a rb o n  t e t r a c h l o r i d e  u s in g  t e t r m a e th y 1 -
s i l a n e  a s  i n t e r n a l  s ta n d a r d ,
113M ass S p e c t r a  (M S).
A l l  s p e c t r a  w ere  r e c o rd e d  o n  an  AEÏ MS 902 m ass 
s p e c t r o m e te r .  S am ples w ere  ru n  a t  200^0, a t  70 EV 
and a t  a  s o u rc e  p r e s s u r e  o f  lO ^ bom
G e n e ra l C hem ical P r o c e d u r e s ,
T r i m e t h y l s i l y l a t i o n ?'^^
T h is  p ro c e d u re  was u se d  f o r  th e  q u a l i t a t i v e  and
s e m i - q u a n t i t a t i v e  m easurem ent o f  h y d r o x y e s te r s  on GLC,
To a s o l u t i o n  o f  h y d r o x y o s te r  (2 ,5  mg) i n  d ry  p y r id in e
rp(1 m l) ,  hexam ethy  1 d i s i : # n e  ( 0 ,2  m l) and t r i m e t h y l c h l c ^ i l a n e  
( 0 ,1  m l) w ere  a d d e d . The m ix tu re  v/as th e n  sh a k e n  f o r  30 
sé c o n d s  and  a llo w e d  t o  s ta n d  f o r  f i v e  m in u te s .  A f t e r  r e ­
m oval o f  th e  p y r id in e  u n d e r  vacuum , e t h e r  ( 0 ,3  m l) was ad d ed , 
and  th e  s o l u t i o n  ( 3 p l )  i n j e c t e d  d i r e c t l y  o n to  t h e  GLC 
co lum n.
C le a v a g e  ( f i s s i o n )  o f  lo n rc -c h a in  compounds w ith  chromium
t r i o x i d e
T h is  Ew ooedure was u se d  to  d e te rm in e  th e  p o s i t i o n  
o f  0X0- ,  h y d ro x y -  and 1 ,4 -e p o x id e  g ro u p s  i n  th e  c h a in .
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A s o l u t i o n  o f  chrom ium  t r i o x i d e  (120  mg) i n  g l a c i a l  
a c e t i c  a c id  (2  m l) ,  c o n ta in in g  one o r  two d ro p s  o f  w a te r ,  
was added  to  t h e  e s t e r  (2 0  mg) d i s s o lv e d  i n  a c e t i c  a c id  
(2  m l ) .  The m ix tu re  was s t i r r e d  a t  room te m p e ra tu re  f o r  
two h o u r s ,  d i l u t e d  w i th  w a te r  (3 0  m l) and e x t r a c t e d  w ith  p e t ­
ro le u m  (2  X 20 m l ) .  A f t e r  e s t é r i f i c a t i o n  w ith  b o ro n  t r i ­
f l u o r i d e  -m e th a n o l (1 m l) i n  m e th an o l (4  m l) ,  t h e  e s t e r s  w ere 
e x t r a c t e d  w i th  e t h e r  and  a n a ly s e d  by GLC.
NB, S o lv e n ts  w ere  e v a p o ra te d  a t  a tm o s p h e r ic  p r e s s u r e  
t o  a v o id  l o s s  o f  s h o r t - c h a i n  a c id s  and e s t e r s ,
Esterlfioation^^^
E s t é r i f i c a t i o n s  on a  s m a ll  s c a l e  «  2 g )  w ere  c a r r i e d  
o u t  by  r e f l u x i n g  th e  a c id  f o r  15 m in u te s  w i th  a  s o l u t i o n  o f  
b o ro n  t r i f l u o r i d e - m e t h a n o l  (14%, 1 p a r t  by vo lum e) i n  d ry  
m e th an o l (4  p a r t s  by  v o lu m e ). The r e a c t i o n  m ix tu re  was 
p o u red  i n t o  a s a t u r a t e d  s a l t  s o l u t i o n  and  e x t r a c t e d  vd,th 
e t h e r .
L a rg e  s c a l e  e s te r t f i® e t t ‘io n s  w ere  p e rfo rm ed  u s in g  a  2.5% 
s o l u t i o n  o f  c o n e , s u lp h u r i c  a c id  i n  m e th a n o l.  The r e a c t i o n  
m ix tu re  was e i t h e r  sh a k e n  o v e r n ig h t  a t  room te m p e r a tu re  o r  
r e f lu x e d  f o r  one h o u r ,
von R u d lo f f  o x id a t iù n } ^^^ ^ ^ ^
T h is  was u s e d  t o  l o c a t e  th e  p o s i t i o n  o f  u n s a tu r a t e d  
c e n t r e s  i n  t h e  c h a in .
An o x i d i s i n g  s o l u t i o n  was p re p a re d  by  d i s s o l v i n g
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p o ta s s iu m  p e r io d a t e  ( 2 2 .4  g ,  0 ,0 9 7 5  mmole) and  p o ta s s iu m  
p e rm an g an a te  ( 0 ,4  g , 0 ,0 0 2 5  mmolo) i n  one l i t r e  o f  w a te r .
M ono-enoic  a s t e r  (1 0  mg) i n  t e r t .  b u ta n o l  (1 0  m l) was 
sh a k en  o v e r n ig h t  w i th  w a te r  ( 1 ,5  m l) ,  p o ta s s iu m  c a rb o n a te  
(5%, 1 ,5  m l) and o x i d i s i n g  s o l u t i o n  (4  m l) .  A f t e r  d e s t r u c ­
t i o n  o f  e x c e s s  o x i d i s i n g  a g e n t  w ith  s u lp h u r  d io x id e ,  th e  
s o l u t i o n  was made a l k a l i n e  (KOH) and m ost o f  t h e  s o lv e n t  
was d i s t i l l e d  o f f .  The r e s id u e  was a c i d i f i e d  (2P/Î H O I), 
s a t u r a t e d  w ith  sod ium  c h l o r id e  and  e x t r a c t e d  w ith  e t h e r  (2  
X 20 m l) .  A f t e r  e s t é r i f i c a t i o n  (b o ro n  t r i f l u o r i d o - m o t h a n o l ) ,  
t h e  p ro d u c t was r e - e x t r a c t e d  w i th  e t h e r  (2  x  20 m l) and 
a n a ly s e d  by GLC.
HB, A l l  e t h e r  e x t r a c t s  w ere e v a p o ra te d  a t  a tm o sp h e r ic  
p r e s s u r e ,
110P r e p a r a t io n  o f  m e th y l e t h e r s .
M ethy l e t h e r s  o f  h y d ro x y  e s t e r s  w ere  p re p a re d  f o r  
th e  e a s i e r  i n t e r p r e t a t i o n  o f  t h e i r  m ass s p e c t r a .
M onohydroxy e s t e r  (6 0  m g), d ry  s i l v e r  o x id e  (50  mg) 
and  m e th y l io d id e  ( 1 .5  m l)  w ere  r e f lu x e d  f o r  2 -3  h o u rs  on a 
s tea m  b a t h .  The m ix tu re  was th e n  d i l u t e d  w i th  e t h e r  (5 0  m l) 
and  f i l t e r e d .  P rep ,T IC  o f  th e  f i l t r a t e  gave p u re  m e th y l 
o th e r s  i n  y i e l d s  o f  60-80% ,
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REACTION OF METHYL I.INOLEATE WITH TOLUJSNE-P-SULPHONIC ACID IN
METHAITOL
M ethy l l i n o l e a t e  (1  g , 3 ,4  m m ole), t o lu e n e - p - s t i lp h o n ic  
a c id  (5  g , 26 mmole) and  m eth an o l (2  m l) w ere  h e a te d  f o r  IS  
h o u rs  on  an  o i l  b a th  m a in ta in e d  a t  lOO^C, The r e a c t i o n  
m ix tu re  was d i l u t e d  w i th  w a te r  (50  m l) and e x t r a c t e d  w ith  
e t h e r  (2  % 40 m l) .  E th e r  e x t r a c t s  w ere  w ashed w ith  6% 
sodium  b ic a r b o n a te  (3 0  m l) and  w a te r  (2  x 30 m l) ,  d r i e d  o v e r  
sod ium  s u lp h a te  and  e v a p o ra te d  u n d o r  vacuum t o  g iv e  a d a rk  
brow n o i l  ( 0 ,9 2  g , 92% ).
The r e a c t i o n  p ro d u c t  h a d  ECLs o f  1 8 ,0 ,  1 9 .4 ,  1 9 .9 ,  2 1 .4 ,
2 1 .7  and  2 2 .3  (DEGS) and 1 7 .6 ,  1 7 .0  and  1 8 .6  (A pL). Prop.TLC 
(PE25) gave s i x  f r a c t i o n s : -  A (105  mg, 22%); B (3 6  mg, 4%);
C (363 mg, 44% ); D (86  mg, 10%); E (126 mg, 15%) and  E
(33 mg, 4% ).
F r a c t io n  E (4% ),
T h is  f r a c t i o n  gave  no p e ak s  on GLC (DEGS o r  A pL ), TLC
(PE70) showed one t a i l i n g  s p o t  o f  low  R^ v a lu e .
F r a c t i o n  E (15% ).
TLC showed t h i s  f r a c t i o n  t o  bo l e s s  p o la r  th a n  F . The 
NMR sp e c tru m  showed a d d i t i o n a l  a b s o r p t io n  a t  2 ,2  -  2 ,8 ?  and 
7 .6 T , M ethy l to lu e n e -p - s u lp 5 io n a to  p r e p a re d  from  to l u e n e - p -  
s u lp h o n ic  a c id  (100  m g), b o ro n  t r i f l u o r i d e - m e t h a n o l  (1  m l)
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and  m eth an o l (4  m l) showed s i m i l a r  p eak s  a t  2 ,2  -  2 ,8 ?  and 
7 .6 ? .
F r a c t io n  D (10% ).
T h ese  e s t e r s  h ad  ECLs (DECtC) o f  2 2 .3  and  2 6 .3 ,  A f te r  
t r i m e t h y l s i l y l a t l o n ,  D g av e  a  new peak  o f  ECL 1 9 .4  w ith  th e
c o r re s p o n d in g  l o s s  o f  th e  com ponent o f  ECL 26 .3*  The IE
—1 —1 s p e c tru m  showed a b s o r p t io n  a t  3520 cm (0~H) and  970 cm
( t r a n s ) .
F r a c t io n  A (22% ).
T h is  f r a c t i o n  h ad  ECLs o f  1 8 .6 ,  1 9 .5 ,  2 0 .6  and  2 1 .1
(DEGS) and 1 7 .6 ,  1 8 .1 ,  and  1 8 .6  (A pL), The IR sp e c tru m
—1 —1 showed a b s o r p t io n  a t  990 cm ( t r a n s , t r a n s ) ,  970 cm ( t r a n s )
and 950 cm ^ ( c i s , t r a n s ) . The UV sp e c tru m  gave  p e ak s  a t
1% 1 %223 nm = 117) and  231 n n  (^^.cm ~ Von R u d lo f f
o x id a t io n  gave C^^ <  C^^ <  C^ >  0 ^  >  C^ >  C^ d i b a s i c  e s t e r s  
and  Cq <  Cg <  <  C^ >  C^ m o nobasic  e s t e r s  and  h y d ro g e n a t io n
a compound o f  ECLs 1 8 .0  on  DEGS and ApL,
Prep,Ag^TLC (PE25) o f  A (230  mg) gave f o u r  s u b f r a c ­
t i o n s : -  A^ (66  mg, 32%); A^ (4 0  mg, 20%); A^ (24  mg, 12%) 
and  A^ (75 mg, 37% ). GLC a n a l y s i s  o f  e a c h  f r a c t i o n  i s  shown 
on p . 1 4 -1 ^
F r a c t io n s  A^ and  A
The IR s p e c t r a  o f  b o th  f r a c t i o n s  gave b an d s a t  990 cm-1
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( t r a n s , t r a n s )  an d  970 cm ( t r a n s )  w h i l s t  f r a c t i o n  A  had  
a d d i t i o n a l  a b s o r p t io n  a t  950 cm  ^ ( e l s , t r a n s ) ,
F r a c t io n
- IT hose e s t e r s  showed a b s o r p t io n  a t  970 cm ( t r a n s )  i n  th e  
IR s p e c tru m , von R u d lo f f  o x id a t io n  gave C _ <  O <  C >JL JL Lw/ O
>  >  Cg d i b a s i c  e s t e r s  and  m o nobasic  e s t e r s ,
F r a c t io n  A ^,——————————— 4"—
T h is  f r a c t i o n  showed no a b s o r p t io n  i n  th e  IR sp e c tru m  a t  
970 cm ^ and  von R u d lo f f  o x id a t io n  gave n o n a n e d io ic  and h e p ta n -  
o ic  a c id s  o n ly .
F r a c t io n  Ç,
F r a c t io n  C h ad  ECLs o f  2 1 ,3 4  (60%) and 2 1 .6 6  (41%) on 
DEGS and 1 8 ,6  on  ApL, The IR sp e c tru m  gave a  band  a t  1110 
cm and th e  NMR sp e c tru m  showed a b ro a d  a b s o r p t io n  u n d e r  th e  
m e th y l e s t e r  p ro to n s  a t  6 .4 ? .  S a p o n i f i c a t i o n  o f  C (100 mg) 
w ith  m e th a n o lic  p o ta s s iu m  h y d ro x id e  (10%, 5 m l) y i e ld e d  th e  
f r e e  a c id  w h ich  showed th e  same a b s o r p t io n  a t  6 ,4 ?  (2 H ), 
F r a c t io n  C was r e g e n e r a te d  [ÉCLs (DEGS) o f  2 1 .4  and  2 1 ,7 ]  
a f t e r  a t te m p te d  h y d ro g e n a t io n  and  a f t e r  t r e a tm e n t  w ith  sodium  
b o ro h y d r id e  i n  m e th a n o l.  The m ass sp e c tru m  o f  C i s  shown 
b e lo w .
Found: C -7 3 .3 ,  H -1 1 .8 ; c a l c ,  f o r  Og: C -7 3 .1 ,  K«
11.5%,
-  1 2 9  -
❖
L m /e L m /e L m /e 1
313 14 216 16 173 11 129 10
312 10 213 7 169 15 128 6
311 4 210 9 163 6 127 16
295 4 209 58 159 6 125 5
294 11 201 12 156 12 124 7
281 6 200 14 165 90 123 42
256 4 199 4 161 6 121 6
255 0 196 8 150 4 115 9
242 16 195 49 149 10 113 7
241 84 191 8 143 5 111 9
220 13 187 5 142 12 110 6
227 70 185 3 141 100 109 18
224 4 183 6 130 6 107 B
R e la t iv e  to  b a s e  p e ak  = 1 0 0 ,
Chromium t r i o x i d e  o x id a t io n  o f  C*
A s o l u t i o n  o f  chrom ium  t r i o x i d e  ( 1 ,8  g ) i n  g l a c i a l  
a c e t i c  a c id  (3 0  m l) c o n ta in in g  w a te r  ( 2 ,5  m l) was added  o v e r  
20 m in u te s  t o  a s t i r r e d  s o l u t i o n  o f  f r a c t i o n  C (300 rag) i n  
g l a c i a l  a c e t i c  a c id  (3 0  m l) and th e  m ix tu re  v/as s t i r r e d  a t  
room te m p e ra tu re  f o r  two h o u r s .  A f te r  e x t r a c t i o n ,  t h e  r e s ­
u l t i n g  a c id s  (270  mg) w ere  e s t e r i f i e d  (b o ro n  t r i f l u o r i d e - m e t h -  
a n o l )  and  th e  e t h e r - e x t r a c t e d  e s t e r s  C ' (280  mg) s e p a r a te d  by 
prep.T LC  (PE40) i n t o  s i x  g ro u p s  o f  b a n d s : (21 mg, 0%); G
(46  mg, 19%); (124 mg, 51%); (26 mg, 8%); O ' (16  mg, 7%)
and Cg (1 7  mg, 7% ). GLC a n a l y s i s  and ÏR a b s o r p t io n s  o f  e a c h  
f r a c t i o n  a r e  shown b e lo w  i n  t a b l e  50,
— 1 3 0 •— 
TABLE 50







7 .0  7 .0
8.0 8.0
m ore th a n  
tw e n ty  p eak s
IR f r e q u e n c ie s I d e n t i t y
1 6 .6
1 7 .6












1740 cm ( e s t e r )
1740 cm , ( e s t e r )  
1710 cm * (oxo)
M eth y l p e n ta n o a te ,  
h e x a n o a te  and 
h e p ta n o a te .
O x o -e s te r s  o f  
unlmown s t r u c t u r e .
M ethy l o c ta n e d io a te ,
1740 cm“^ ( e s t e r )  n o n a n e d io a te ,  d e c -a n e d io a te  and  u n d e c -  
a n e d io a te .
1740 cm ” ( e s t e r )  l a c to n e s  o f
—11755 cm ( l a c t o n e )  unknown s t r u c t u r e
As above As above
F r a c t io n  B
F r a c t io n  B h ad  ECLs o f  2 0 .0  (DEGS) and 1 7 .8  (A pL). The 
IR and NMR s p e c t r a  showed no u n s a t u r a t i o n .  F ound ; C - 7 3 .0 ,
H - 1 2 .1 ;  C^gHggOg r f ^ i r G S  C - 7 3 .1 ,  H - 11.6% . The m ass 
sp e c tru m  o f  B i s  t a b u l a t e d  b e lo w .
m /e L m /e I m /e I m /e i
312 10 191 12 153 5 125 13
294 4 187 6 152 14 124 12
281 5 186 4 151 15 123 26
263 4 185 12 150 4 121 10
256 7 183 6 149 18 119 9
131 -
m /e L m /e I ra/e J. m /e L
255 4 181 4 144 8 115 9
242 6 177 13 143 7 114 6
241 18 173 13 142 10 113 12
237 0 171 4 141 51 112 9
227 8 170 7 140 6 111 18
224 6 169 33 139 10 110 57
223 30 168 4 138 12 109 31
210 7 163 5 137 46 100 6
209 33 159 4 135 9 107 12
106 5 156 14 127 12 100 5
195 13 155 100 123 7 99 12
* R e la t iv e t o  b a s e p eak 1 0 0 .
I n f lu e n c e  o f  r e a c t i o n  c o n d i t i o n s .
M ethy l l i n o l e a t e  (1  g , 3 .4m m ole), t o lu e n e - p - s u lp h o n ic  
a c id  (5  g , 26iamolo) and  d ry  in o th an o l (2  m l) w ere  h e a te d  a t  
lOO^C f o r  3 ^  h o u rs*  E th e r  e x t r a c t i o n  i n  t h e  u s u a l  way y ie ld e d  
p ro d u c t  ( 0 .0 3  g , 93% ). Prep,TLC  gave s i x  f r a c t i o n s : -  A"
(248  mg, 32%); B” (3 8  mg, 5%); C“ (275 mg, 35%); D" (7 0  mg, 
9%); E" (lis mg, 15%) and  F" (31 mg, 4%). A n a ly s e s  o f  
f r a c t i o n s  A*', B ", D” , E" and  P ” , gave s i m i l a r  r e s u l t s  t o  
th o s e  o u t l i n e d  f o r  th e  18 h o u r  r e a c t i o n .
F r a c t io n  C " .
C" h ad  ECLs (DEGS) o f  2 1 .4  and 2 1 .7  and a n  ECL (ApL)
•^1o f  1 8 ,6 .  The IR sp e c tru m  gave b an d s  a t  1110 cm * ( e t h e r )
—1 Vand  970 ora ( t r a n s )  and  t h e  sp e c tru m  showed an  a d d i to n a l
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a b s o r p t io n  a t  6 .7 t  (1 H ). P re p . o f  C" gave t h r e e  s u b ­
t r a c t i o n s ; -  (185  mg, 74%); (41 mg, 16%) and (24
mg, 10% ). Of t h e s e ,  C” h ad  i d e n t i c a l  p r o p e r t i e s  w ith  th o s e  
o f  f r a c t i o n  C from  th e  10 h o u r  r e a c t i o n .
F r a c t io n  C” . ........... — B—
T h ese  e s t e r s  h ad  ECLs o f  2 1 .6  (DEGS) and 1 8 .6  (A pL).
The IR s p e c tru m  showed a b s o r p t io n  a t  2020 cm ^ (OCH^) and 
970 cm~^ ( t r a n s ) . von R u d lo f f  o x id a t io n  gave o c t a n e d i o i c ,  
n o n a n e d io io , d e c a n e d io ic ,  h e x a n o ic  and h e p ta n o ic  a c id s  and 
com ponents o f  ECLs 1 0 ,8 ,  1 1 .3 ,  and  2 3 .4  (DEGS) and  9 .2 ,  1 0 .2 ,
1 1 .2 ,  1 4 .3 ,  1 5 ,9  and  1 6 .9  (A pL).
F r a c t io n  CÜ.-----------------  O’-
T h ia  f r a c t i o n  ahow ed s i m i l a r  GLO b e h a v io u r  and  th e  same 
b a n d s  i n  ib o  IB  sp o o tru m  a s  0^  a l th o u g h  th e  t r a n s  d o u b le  
bond a b s o r p t io n  was re d u c e d  i n  i n t e n s i t y .  von R u d lo f f  
o x id a t io n  showed a s i m i l a r  p a t t e r n  \7 ith  n o n a n e d io ic  a c id  and 
t h e  com ponent o f  ECL 1 1 .7  (DEGS) m ore p re d o m in a n t,
A s i m i l a r  f r a c t i o n  C” * (74  mg, 14%) i s o l a t e d  from  a 
r e a c t i o n  o f  s i x  h o u r  d u r a t io n  gave a  v e ry  weak a b s o r p t io n  i n  
th e  ]#1R sp e c tru m  a t  6 ,7 t .
REACTIONS WITH ESTERS RELATED TO r.îBTI-IYL LINOLEATE.
STARTING mTERlALS .
M ethy l r i c i n o l e a t e .
C a s to r  o i l  (12  g ) was n e u t r a l i s e d  by p a s s a g e  th ro u g h
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a s h o r t  a lu m in a  colum n (1 0 0 -1 2 0  mesh a lu m in a , H .G. S pence  and 
C o ,)  u s in g  c h lo ro fo rm  (300  m l) a s  d e v e lo p in g  s o lv e n t .  E vap­
o r a t i o n  o f  t h e  c h lo ro fo rm  y ie ld e d  n e u t r a l i s e d  o i l  (1 1 ,5  g ) .
N e u t r a l  c a s t o r  o i l  (10  g )  was r e f lu x e d  f o r  30 m in u te s
111w ith  d ry  m e th a n o l ic  m e th o x id e  (50  m l, 0 .5 % ), The m ix tu re
was p o u red  i n t o  w a te r  (100  m l) ,  s a tu r a t e d  w ith  sod ium  c h lo r id e  
and  e x t r a c t e d  w ith  o th e r  (2  x  50 m l) t o  y i e l d  c a s t o r  e s t e r s  
( 9 .1  g ) .
T h e se  e s t e r s  w ere  c h ro m a to g ra p h e d  on  s i l i c a  g o l ( S o r b s i l  
M 60 , 300 g ) e l u t i n g  w ith  200 ml p o r t io n s  o f  PEIO, PE20,
PE40, and  PEGO and c o l l e c t i n g  th e  o lu a t e  i n  100 ml f r a c t i o n s .  
M ethy l r i c i n o l e a t e  ( 7 ,3  g ) was e l u t e d  m a in ly  by  PE40 and a d ­
ju d g e d  p u re  on GLC (DEGS) and TLC (P E 4 0 ).
NB. Some ECLs a r e  c o l l e c t e d  i n  t a b l e  4 7 .
M e th y l - 9 - h y d r o x y o c ta d e c - c is - 1 2 - e n o a te .
A c o n c e n t r a te  (850  mg) o f  t h i s  e s t e r  was o b ta in e d  from  
S c o u rm o n ti i  s e e d  o i l  (1 0  g ) by a  s i m i l a r  p ro c e d u re  to  t h a t  
o u t l i n e d  a b o v e . Prep,TLC (PE40) o f  th e  c o n c e n t r a t e  a f f o r d e d  
th e  p u re  e s t e r  (740  m g).
M eth y l r i c i n e t e a r o l a t e .
T h is  compound (500  mg) was o b ta in e d  by e s t é r i f i c a t i o n  
(b o ro n  t r i  f lu o r id e - m e th a n o l )  o f  t h e  f r e e  a e l d ,  a  sam p le  o f  
w h ich  was a v a i l a b l e  i n  t h e  l a b o r a t o r y .
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11 pM ethy l r i c l n e l a i d a t e .
A s o l u t i o n  o f  r i o l n s t o a r o l i c  a c id  (500  lag) i n  d ry  t e t r a -
h y d ro fu ra n  (2Ô m l) was added  t o  l i q u i d  ammonia ( 200 m l) .
T h is  was fo llo w e d  by th e  a d d i t i o n  o f  l i t h iu m  m e ta l  i n  sm a ll
p ie c e s  u n t i l  a  b lu e  c o lo u r  a p p e a re d .  The r e a c t i o n  m ix tu re
was th e n  s t i r r e d  f o r  90 m in u te s  w ith  a d d i t i o n  o f  m ore X±th±xm
i f  n e c e s s a r y  t o  m a in ta in  t h e  b lu e  c o lo u r a t io n  th ro u g h o u t .
A f t e r  a d d i t i o n  o f  w a te r  (2  m l) ,  t h e  ammonia was a l lo w e d  to
e v a p o r a te  and  th e  r e s u l t i n g  s o l i d  a c i d i f i e d  (2M H Cl) and
e x t r a c t e d  w ith  e t h e r  (2  x  30 m l) .  E s t é r i f i c a t i o n  (b o ro n
t r i f l u o r l d e - m e t h a n o l )  y i e ld e d  an  e s t e r  (480  mg) show ing  s t r o n g
—1a b s o r p t io n  i n  th e  IR s p e c tru m  a t  970 cm ( t r a n s )  and  one s p o t  
o f  h ig h e r  v a lu e  th a n  m e th y l r i c i n o l e a t e  on  Ag*^TLC (P E 4 0 ),
M eth y l 1 2 -m e th o x y o le a te .
M eth y l r i c i n o l e a t e  (450  m g), s i l v e r  o x id e  (100  mg) and  
m e th y l io d id e  (3  m l) w ere  r e f lu x e d  on a  s team  b a th  f o r  t h r e e  
h o u r s .  The p ro d u c t  was d i l u t e d  w ith  e t h e r  (5 0  m l) and  f i l ­
t e r e d ,  Prep.TLC (PE25) o f  t h e  p ro d u c t  (420  mg) a f f o r d e d
m eth y l 1 2 -m e th o x y o le a te  (3 6 0  rag),
119S té r é o m u ta t io n  o f  m e th y l l l n o l e a t e .
To a  s o l u t i o n  o f  l i n o l e i c  a c id  (2  g ) i n  e t h e r  (5 0  m l) 
was added  n i t r i c  a c id  (6M, 16 m l) fo llo w e d  by sodium  n i t r i t e  
(2M, 24 m l) and  th e  m ix tu re  was sh a k e n  f o r  20 m in u te s .  The
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t o t a l  p ro d u c t  was m e th y la te d  and  th e  n i t ro g e n o u s  m a t e r i a l  r e ­
moved by  p e r c o l a t i o n  th ro u g h  a s i l i c a  co lum n. E l u t i o n  w ith  
(400 m l) gave p a r t i a l l y  e l a i d i n i s e d  e s t e r s  ( 1 ,2  g ) w h ich  
w ere  s e p a r a te d  by  prep.Ag^TLC i n t o  th e  9;t,12;^ (4 8 0  mg, 40% ); 
9£ ,12 ;t and 9^ , 12c^, (310  mg, 31%) and  9;0,12£ iso m e rs  (110  mg, 
11%).
114A l k a l i - i s o m e r i s a t i o n  o f  m e th y l l l n o l e a t e .
M ethy l l l n o l e a t e  (750  mg) was h e a te d  f o r  4 h o u rs  a t  95^C 
w i th  a s o l u t i o n  o f  p o ta s s iu m  t - b u to x id e  i n  t - b u t a n o l  (5%,
75 m l) .  A f t e r  d i s t i l l a t i o n  o f  th e  s o lv e n t ,  t h e  r e s id u e  was 
a c i d i f i e d  (2M HCl) and e x t r a c t e d  w i th  e t h e r  (2  x  40 m l) .
P re p ,  Ag^TLC (PE30) o f  t h e  m e th y la te d  p ro d u c t (6 8 0  rag) gave 
th e  m ixed  9£, 1 1 ^  and  10;^12c^ d ie n o a te s  (610  m g).
TABLE 4 7 ,
ECLs o f  some m eth y l e s t e r s .
M ethy l e s t e r DEGS ApL
R ic in o le a t e 2 5 .8 -
R i c i n e l a i d a t e 2 5 ,8 -
R ic in s t e a r o l a t e 2 8 .4
12 -m e th o ^q ro lea te 2 1 .3 1 3 .S
9 - h y d ro x y o c ta d e c - c is -1 2 " e # o a te 2 6 .2 ""
1 8 :2  (9e^l2e^) 1 9 .4 1 7 .0
1 8 :2  ( S o , l i t  and  10 ;t, 12c) 0 0 ,4 1 8 ,1
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R e a c t io n  w ith  t o lu e n e - p - s u lp h o n ic  a o i d .
S e v e r a l  e s t e r s  (300  mg, t a b l e  40) r e l a t e d  t o  moth}?! 
l i n o l e a t e  w ere  h e a te d  a t  100^ f o r  12 h o u rs  w i th  t o l u e n e - p -  
s u lp h o n ic  a c id  ( 1 .5  g ) and  m eth an o l ( 0 .6  m l) .  Each  p ro d u c t  
was s e p a r a te d  by  TLC and exam ined  by GLC a s  d e s c r ib e d  f o r  
m e th y l l i n o l e a t e .  A p a r t  from  m eth y l r i c i n s t e a r o l a t e  and th e  
c o n ju g a te d  d i e n o a t e s ,  t h e  o th e r  e s t e r s  gave p ro d u c ts  w ith  
ECLs s i m i l a r  t o  th o s e  o b s e rv e d  i n  th e  m e th y l l i n o l e a t e  r e a c ­
t i o n .  Tho p ro d u c t  from  m e th y l r i c i n s t e a r o l a t e  showed two 
v e ry  p o la r  s p o ts  on TLC (PE25) b u t  gave no GLC p e a k s .  The 
c o n ju g a te d  d ie n o a te s  gave t h r e e  b a n d s  on TLC: A (20% ); B 
(33% ); and C (47% ). Band A h ad  ECLs o f  2 0 ,5  (DEGS) and 1 8 .1
(ApL) and showed a b s o r p t io n  i n  th e  IR sp e c tru m  a t  990 and  
"1970 cm ( o i s , t r a n s ) . B ands B and C gave no p eak s  on (*LG.
TABLE 4 0 .
P ro d u c ts  o f  1 2 -h o u r  r e a c t i o n  v i t h  t o lu e n e - p - s u lp h o n ic  a c id  and
m e th a n o l .
M eth y l e s t e r s TLC f r a c t i o n s (%wt)A B C D+E+F
18^2 (9 c ,  12c) 36 3 41 20
1 8 :2  (9 c  X«t + 9 t ,1 2 c ) 24 4 35 37
1 8 :2  ( 9 t , 1 2 t ) 21 4 64 41
12-OH 1 8 :1  (9 c ) 13 3 30 54
12-OH 1 8 :1  ( » t ) 16 4 29 51
12-OMe 1 8 :1  (9 c ) 12 5 32 51
9 -OH 1 0 :1  (1 2 b ) 14 4 31 51
-  137
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115P r e p a r a t i o n  o f  th e  m ixed  a c id s  o f  c a s t o r  o i l .
C a s to r  o i l  (55  g )  was r e f lu x e d  f o r  one h o u r  w ith  a  
s o l u t i o n  o f  p o ta s s iu m  h y d ro x id e  (16  g ) i n  w a te r  (8 0  m l) and 
m e th an o l (GO m l) and th e  m ixed a c id s  ( 5 1 .g) w ere  r e c o v e re d  
i n  t h e  u s u a l  w ay.
9 , 1 2 -D io x Q -o c ta d e c - tr a n s - lO -e n o ic  a c id . 40
To a v ig o r o u s ly  s t i r r e d  s o l u t i o n  o f  c a s t o r  a c id s  (5 0  g ) 
i n  g l a c i a l  a c e t i c  a c id  (500  m l) was added a l l  a t  o n ce  an  
o x i d i s i n g  s o l u t i o n  o f  sod ium  d ic h ro n ia to  d ih y d r a te  (3 2 .5  g ) 
i n  w a te r  (40  m l) ,  a c e t i c  a c id  (300  m l) and c o n c e n t r a te d  
s u lp h u r i c  a c id  ( 1 7 .5  m l) .  A f t e r  o n ly  30 s e c o n d s , th e  
r e a c t i o n  was s to p p e d  by  th e  a d d i t i o n  o f  i c e d - w a te r  (1  1 . )  
and  t h e  m ix tu re  f i l t e r e d  and  w ashed w ith  w a te r . The w ot 
p r e c i p i t a t e  was ta k e n  u p  i n  p e tro le u m  (800  m l) ,  t h e  s o l u t i o n  
d r ie d  o v e r  sod ium  s u lp h a t e ,  and  th e n  c o o le d  t o  -2 6 °  to  
f u r n i s h  c r y s t a l s  o f  1 2 - o x o - o le ic  a c id  (23  g , 55%, m .p . 3 7 ,5  «" 
3 9 ° , l i t .  4 0 ° ) .  T h is  a c id  showed s i g n i f i c a n t  i n f r a - r e d
a b s o r p t io n  b an d s  a t  3010 and  1710 cm*"^, and  NMR s i g n a l s  a t  
4 .4  -  4 . 6 t and  6 ,9  -  7 .0 ?  and  was o x id i s e d  t o  n o n a n e d io ic  
a c id  and  octan*^'Mt>na,^
F u r th e r  o x id a t io n  o f  a  s o l u t i o n  o f  1 2 - o x o - o le ic  a c id  
(2 0  g ) i n  a c e t i c  a c id  (200  ml> was e f f e c t e d  w ith  a  f r e s h
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o x id i s in g  s o l u t i o n  o f  sodium  d ic h ro m a te  d ih y d r a te  (32  g )  i n
w a te r  (1 6 0  m l) ,  a c e t i c  a c id  (160  m l) ,  and  c o n c . s u lp h u r ic  a c id
(1 6  m l) by s t i r r i n g  f o r  one h o u r  a t  40*-45°, A f t e r  addition
o f  i c e d - w a te r  (800 m l) ,  t h e  p r e c i p i t a t e  was f i l t e r e d  and  w ashed
w ith  w a te r .  R e c r y s t a l l i s a t i o n  from  aqueous e th o a o l  (90%,
200 m l) a f f o r d e d  9 ,1 2 - d io x o - o c ta d e o - t r a n s - lO -e n o ic  a c id  (1 0 .3
g ,  43%, m .p . 1 1 1 -1 1 2 ° , l i t .  1 1 2 -1 1 3 ° ) ,  founds C -6 0 .7 ,
H -9 ,6 ;  c a l c ,  f o r  C H O^s C -G 9 .7 , H~9.6%. The a c id  had
• -1b a n d s  i n  t h e  IR s p e c tru m  a t  1005 and 1000 cm and  a ÜV
119absorption ban d  a t  232 nm, e=  13,250 ( l i t  228 nm, © «7 .» 7 max
1 6 ,0 0 0 ) .  von R u d lo f f  o x id a t io n  gave n o n a n e d io ic  and  h e p ta n o ic  
a c i d s .  F o r  d e t a i l s  o f  t h e  m ass sp e c tru m  s e e  t a b l e  4 9 ,
41D i r e c t l y  from  c a s t o r  a c i d s ,
A v ig o ro u s ly  s t i r r e d  s o l u t i o n  o f  c a s t o r  a c id s  (50  g )  i n  
a c e t i c  a c id  (550  m l) was o x id i s e d  by q u ic k  a d d i t i o n  o f  a  s o l ­
u t i o n  o f  sodium  d ic h ro m a te  d ih y d r a te  (3 6 .5  g ) i n  w a te r  (45 m l) ,  
a c e t i c  a c id  (325  m l ) , and  c o n c , s u lp h u r ic  a c id  (20  m l) .  When 
th e  te m p e r a tu r e  o f  t h e  s o l u t i o n  h ad  f a l l e n  from  54 to  4 7 ° , 
m ore o x i d i s i n g  a g e n t  [sod ium  d ic h ro m a te  d ih y d r a te  (41 g ) ,  
w a te r  (200  m l)., a c e t i c  a c id  (100  m l) ,  and c o n c . s u lp h u r i c  a c id  
(2 0  m l) ]  was a d d e d , and  t h e  m ix tu re  s t i r r e d  f o r  one h o u r  a t  
4 0 -4 5 ° ,  The d io x o  a c id  was p r e c i p i t a t e d  w ith  w a te r  ( 1 .5  1 . )  
and  r e c r y s t a l l i s e d  from  aq u eo u s  e th a n o l  (90%, 200 m l) .  Y ie ld :  
9 .7  ;g, 22%, m .p . 1 1 1 -1 1 2 ° .
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9 , 1 2 - D io x o s te a r ic
9>1 2 - P io x o - o c ta d e c - t r a n s - 1 0 -e n o ic  a c id  ( 2 .3  g ) was h y d ro g ­
e n a te d  a t  a tm o s p h e r ic  p r e s s u r e  o v e r  a p a l la d iu m /c a rb o n  c a t a l y s t  
(10%, 0^4  g ) i n  d ry  m e th an o l (50  m l) f o r  one h o u r .  A f t e r  f i l -  
t r a t l d n , . t h e  m e th an o l s o l u t i o n  was c o o le d  to  -3 0 °  vÆien i t  d e ­
p o s i t e d  c r y s t a l s  cfe 9 ,1 2 - d i o x o s te a r i c  a c id  ( 1 .8  g , 78%; m .p .
9 5 ° ; l i t f ^  9 6 -9 6 .5 °  . . . )  fo u n d : C -6 9 ,0 , H -1 0 .6 ; c a l c ,  f o r  
^18^^32^4 * C -6 9 .2 ,  H -10.3% . The a c id  h ad  an  i n f r a - r e d  a b s o r -
***xp t i o n  b an d  a t  1700 cm and  was o x id is e d  by chrom ium  t r i o x i d e  
i n  a c e t i c  a c id  t o  h e x a n o ic ,  h e p ta n o ic ,  o c ta n e d io ic  and  n o n a n e ­
d i o i c  a c i d s .  F o r d e t a i l s  o f  th e  m ass s p e c tru m , s e e  t a b l e  
4 9 .
9 , 1 2 H P lh y d ro x y s te a r ic  a c i d .^ ^
9 ,1 2 - D io x o s te a r ic  a c id  (1 g ) and  sod ium  b o r o -  
h y d r ld e  (1 g ) w ere  s t i r r e d  i n  d ry  m e th an o l (5 0  m l) f o r  30 
m in u te s  a t  room te m p e r a tu r e .  The r e a c t i o n  m ix tu re  was a c i d ­
i f i e d  (2M H Cl) and  e x t r a c t e d  w i th  o th e r  t o  g iv e  9 ,1 2 -d ih y d ro x y -  
s t e a r i c  a c id  ( 0 .9 6  g , 95%; m .p . 1 0 9 -1 1 8 ° , l i t f ^  8 0 -0 2  and 
1 1 9 -1 2 1 °  f o r  th e  two i s o m e r ic  fo rm s o f  t h i s  a c i d )  fo u n d :
C -6 0 .2 ,  H -1 1 .7 ;  c a l c ,  f o r  C^gHggO^; C -6 0 .3 , H-11.5% ^ The 
a c id  showed a b s o r p t io n  i n  th e  IR sp e c tru m  a t  3300 and  1700 
cm M é th y la t io n  (b o ro n  t r i f l u o r i d e - m e t h a n o l )  y i e ld e d  th e
e s t e r  [ECL (DEGS) 1 9 .7 5  a s  i t s  t r i m e t h y l s i l y l  d e r i v a t i v e ] ,  
w h i l s t  t r e a tm e n t  w ith  m e th y l i o d i d e - s i l v e r  o x id e  a f f o r d e d
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m eth y l 9 ,1 2 -d im e th o jc y s te a ra te  ECL (DEGS) 2 4 ,0 .  F o r d e t a i l s  
o f  th e  m ass sp e c tru m  s e e  t a b l e  4 9 .
M eth y l 9 ,1 2 - e p o x y s t e a r a t e s .
9 .1 2 - d ih y d r o x y s te a r io  a c id  (0 ,9 1  g ) was r e f lu x e d  f o r  s i x
h o u rs  w i th  m e th a n o lic  s u lp h u r i c  a c id  (7 .5% , 100 m l) .  A d d i t io n
o f  w a te r  fo llo w e d  by e t h e r  e x t r a c t i o n  y ie ld e d  an  o i l  (0 ,0 4  g )
from  w hich  th e  m e th y l 9 ,1 2 - e p o x y s to a r a te s  (0 .5 6  g , 70%) w ere
i s o l a t e d  by  prep,T L C  (P E 2 5 ). Pound: C -7 3 .0 ,  H -1 1 ,6 ; c a l c .
f o r  C^gHggOg: C -7 3 .0 ,  H -11.6% . The IE sp e c tru m  o f  t h e  9 ,1 2 -
—1e p o x id e s  h ad  an  a b s o r p t io n  ban d  a t  l l l O  cm and  th e  lîT/îIi s p e c ­
tru m  showed a  b ro a d  s i g n a l  a t  6 ,4 ?  a r i s i n g  from  th e  two p r o ­
to n s  Ot t o  th e  e t h e r  o x y g en . T h is  i s o m e r ic  m ix tu re  c o u ld  
n o t  be  d i s t i n g u i s h e d  c h r o m a to g ra p h ic a l ly  from  f r a c t i o n  C 
o b ta in e d  from  m e th y l l i n o l e a t e  and  from  some r e l a t e d  e s t e r s .
The re m a in d e r  o f  th o  p ro d u c t  h ad  an  ECL (DEGS) o f  1 9 .0  and  
h ad  i d e n t i c a l  p o l a r i t y  on  TLC (PE90) w ith  t h a t  o f  s y n th e t i c  
m e th y l 9 , 1 2 - d ih y d r o x y s te a r a te .
M eth y l 9 . 1 2 -e p o x y o c ta d e c a - 9 .1 1 - d io n o a te .  [m e th y l 8 - (5 -h e 3 c y l-  
2 - f u r y l )  o c t a n o a t e . ] ^ ^ '^ ^
9 .1 2 - d i o x o s te a r i c  a c id  (400  mg) was r e f lu x e d  f o r  20 
m in u te s  w ith  m e th a n o lic  b o ro n  t r i f l u o r i d e  (14%, 4 m l) and  m ore 
m e th an o l (2 0  m l) .  A d d i t io n  o f  w a te r  (30  m l) fo llo w e d  by 
e x t r a c t i o n  w ith  e t h e r  (2  x  30 m l) y ie ld e d  an  o i l  (380  mg) from
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w hich  th e  f u r a n o id  e s t e r  (196  mg, 50%) was i s o l a t e d  As t h e  
l e a s t  p o l a r  f r a c t i o n  by prep,T LC  (P E 2 5 ). The e s t e r  h ad  
ECLs o f  2 1 ,5  (DEGS) and  1 8 ,0  (A pL), The IR s p e c tru m  showed 
d i a g n o s t i c  b an d s  a t  3105, 1570 , 1020 cm and  th e  s p e c tru m  
c o n ta in e d  a s i n g l e t  a t  4 ,2 8 ?  (2M ), The compound a b s o rb e d  
s t r o n g ly  i n  th e  ÜV sp e c tru m  a t  222 nm, e  = 9840 ( , l± t f '% 2 2  nm,
© s= 1 0 ,2 0 0 )  and  th e  m ass s p e c tru m  i s  shown i n  t a b l e  4 9 ,
A tte m p te d  c y c lo d e h y d r a t io n  o f  9 ,1 2 -d ih y d r o x y o c ta d o c - t r * n s -1 0 -
e n o ic  a c i d ,
9 , 1 2 -d iQ x o -o c ta d e c - t r a n s - lO -e n o ic  a c id  (1  g ) and  sodium
b o ro h y d r id e  ( 1 ,3  g )  w ere  s t i r r e d  d u r in g  30 m in u te s  i n  d ry
m e th a n o l (100  m l) .  A c i d i f i c a t i o n  (2M HCl) and  e t h e r  e x t r a c t
t i o n  gave 9 , 1 2 -d ih y d ro x y o c ta d e c - t r a n s - lO -e n o io  a c id  (0*06 g ,
96%, m.p* 9 0 -9 5 ° )  fo u n d : C -6 8 .5 ,  H -1 1 .3 ;  c a l c ,  f o r  C _ _ H _ .0 .:18 34 4
C -6 8 ,8 ,  II-1 0 ,9 % . The IR sp e c tru m  o f  th e  a c id  gav e  b an d s  a t  
3340, 3260, 1700 and  970 cm ^ and  von R u d lo f f  o x id a t io n  y ie ld e d  
n o a a n o d io ic  and h e p ta n o ic  a c i d s ,
T re a tm e n t o f  t h e  a c id  (100  » g )  w ith  m e th a n o lic  s u lp h u r ic  
a c id  (7 .5% , lO  m l) u n d e r  r e f l u x  f o r  f i v e  h o u rs  gave a n  o i l  
(100  mg) w h ich  h ad  ECLs (DEGS) o f  2 3 .0  and 2 3 ,7 .  The UV 
sp e c tru m  shov/ed a b s o r p t io n  a t  258 , 268, and 278 nm (e  = 3470, 
5200 , and  4130 r e s p e c t i v e l y ) ,  H ow ever, s i l i c a  TLC (PE40) 
showed s e v e r a l  s p o ts  and  th e  lITâR sp e c tru m  gave  com plex  p eak s  
i n  th e  r e g io n  6 .4  -  7 ,0 ? .
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TABLE 49,
Mass â p e o t r a  o f  some o x y g e n a te d  C^^  a c id d  and  d e r i v a t i v e s *
m /e *L m /e L m /e L m /e L
311 4 197 17 161 4 125 0
310 20 194 6 154 14 123 5
293 3 183 7 153 5 113 13
292 3 182 6 151 16 112 92
249 6 181 4 140 11 111 12
240 3 180 4 139 100 110 5
223 4 179 11 138 5 109 7
221 3 108 4 137 4 107 0
209 12 167 6 133 4 99 11
2* 9 .1 2 -D io x o s t e a r i c a c i d .
m /e L m /e L m /e L m /e Î-
312 12 184 74 127 38 99 10
243 8 1 » ! 37 120 16 98 22
242 43 171 44 125 19 97 27
227 5 170 8 115 9 95 17
224 34 169 50 114 100 85 30
209 29 155 12 113 74 84 12
201 9 153 10 112 10 83 47
199 12 142 8 111 33 82 0
197 10 141 49 109 19 01 25
185 11 128 8 107 9
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m /e L m /e ï_ m/e L m/e L
340 1 241 44 155 3 119 3
326 2 215 3 143 6 113 3
325 1 214 11 142 16 111 5
312 4 209 6 107 16 110 3
311 25 202 12 135 5 109 12
309 2 201 100 130 6 107 4/ V
308 20 185 4 129 72 105 3
295 4 X5 lYY 4 120 5 99 6
294 3 170 8 127 3 98 4
273 10 169 72 123 3 97 30
242 6 165 9 121 3 95 23
4 .  M ethy l 9 ,1 2 - e p o x y s t e a r a t e s ,
m/e ❖i. m /e i. m /e L m /e î .
313 4 201 2 151 2 124 3
312 3 200 20 150 3 122 4
311 1 196 0 149 12 121 4
294 2 195 59 143 3 113 6
281 3 195 3 130 15 112 2
263 2 177 14 137 38 111 9
242 2 159 9 135 8 110 4
220 13 156 18 133 3 109 10
227 94 155 100 12B 7 107 4
209 11 154 3 125 4 99 5
— 144 -
5 ,  M ethy l 9 ,1 2 -e p o x y o c ta d e c a - 9 , l l - d i o n o a t e .
m /e m /e L m /e L m /e I
309 7 166 14 100 10 05 3
300 32 165 100 107 16 03 5
277 3 163 6 97 4 81 17
251 3 151 3 96 6 79 6
230 4 123 4 95 41 77 4
237 14 121 7 94 12 74 4
100 3 112 4 93 3 71 4
179 10 109 7 91 3 69 5
* R e l a t i v e  t o  b a s e p eak  = 10 0 .
HCYCLODEIiyDRATICWrOF THE TRIHYDROXYETEARIC ACIDS.
STARTING P,MATERIALS.
M eth y l r i c i n o l e a t e .
T h is  e s t e r  was p re p a re d  by  colum n c h ro m a to g rap h y  o f  
c a s t o r  e s t e r s  a s  d e s c r ib e d  p r e v io u s ly  ( p . 1 3 2 ).
47M ethy l 9-hydroxyQctad©o-cis-12-enoate,
S c o u rm o n ti i  s e e d  o i l  (170  g )  was r e f lu x e d  f o r  45 m in­
u t a s  w ith  a  s o l u t i o n  o f  p o ta s s iu m  h y d ro x id e  (5 0  g ) i n  w a te r  
(250  m l) and  m e th an o l (250  m l) .  A f t e r  rem oval o f  u n sa p o n i-  
f i a b l e  m a t e r i a l ,  t h e  s o l u t i o n  was a c i d i f i e d  (3M H Cl) and  
e x t r a c t e d  w i th  e t h e r  t o  y i e l d  m ixed a c id s  (151 g ) .
A bout 50 g o f  m ixed  a c id s  w ore d i s s o lv e d  i n  p e tro le u m
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(1  1 . )  i n  e a c h  o f  t h r e e  s e p a r a t i n g  f u n n e ls ;  two f u r t h e r  f u n ­
n e l s  c o n ta in e d  p e tro le u m  (500  m l) .  00% m eth an o l (500 m l) 
was added  to  th o  f i r s t  f u n n e l  an d , a f t e r  e q u i l i b r a t i o n  o f  
s o lv e n t s ,  p a s se d  th ro u g h  ea c h  o f  th e  o th e r  f o u r  f u n n e ls  i n  
t u r n .  A f t e r  e l u t i o n  o f  f i v e  s e p a r a t e  p o r t i o n s  o f  8D% m eth ­
a n o l ,  t h e  com bined a l c o h o l i c  e x t r a c t s  w ere e v a p o ra te d  and  th e  
r e s id u e  e x t r a c t e d  w ith  e t h e r  y i e l d i n g  h y d ro x y  a c id  c o n c e n t r a te  
(1 3 ,1  g ) .
M é th y la t io n  was a c h ie v e d  by r o f lu x in g  th e  a c id s  f o r  one 
h o u r  w ith  m e th a n o l ic  s u lp h u r i c  a c id  (50  m l, 2,5% ) and  th o  
e t h e r - e x t r a c t e d  e s t e r s  ( 1 2 ,0  g ) p u r i f i e d  by colum n c h ro m a to ­
g rap h y  ( S o r b s i l  M60, 300 g ) ,  M ethy l 9 -h y d ro x y o c ta d o c - c i s -
1 2 -e n o a to  (1 1 ,5  g ) was e l u t e d  m a in ly  by F®40 and a d ju d g e d  
p u re  on TLC and GLC,
PREPARATION OF THE 9.XO-I2-TRIHYDROXYSTEARIC ACIDS,
03E r y th r o  I so m o rs .
A s o l u t i o n  o f  r i c i n o l o i c  a c id  ( 3 ,5  g ) and  p o ta s s iu m  
h y d ro x id e  ( 3 ,3  g )  i n  w a te r  (70  m l) was c o o le d  t o  0°C by th e  
a d d i t i o n  o f  i c e d - w a te r  (7 0  m l) .  P o ta ss iu m  p e rm an g an a te  
( 3 ,3  g ) was th e n  added  and th e  s o l u t i o n  s w i r le d  f o r  t e n  m in­
u t e s .  E x c e ss  o x i d i s i n g  a g e n t  was rem oved by b u b b l in g  s u lp h u r  
d io x id e  th ro u g h  th e  s o l u t i o n  and  th e  r e s u l t a n t  p r e c i p i t a t e  
f i l t e r e d  and  a i r  d r i e d  t o  y i e l d  t h e  e r y th r o  9 ,1 0 ,1 2 - tr ih y d ro p s y ■ 
s t e a r i c  a c id s  ( 2 ,6 4  g ,  60% ); m ,p , 9 0 -1 0 5 ° ,
-  1 4 6 .—
The m ixed a c id s  ( 1 ,6  g ) e x t r a c t e d  t h r e e  t im e s  w ith
b o i l i n g  c h lo ro fo rm  (30  m l) and  th e  i n s o l u b l e  p o r t i o n  r e c r y s ­
t a l l i s e d  tw ic e  from  e th a n o l  y i e l d i n g  p 9 ,1 0 ,1 2 - t r i h y d r o x y -  
s t e a r i c  a c id  (0 .6 1  g ) m .p , 136-137°C  (L itf®  1 3 6 -1 3 8 °C ).
A p o r t i o n  ( 0 .5 2  g )  o f  th e  c h lo ro fo rm  s o lu b le  m a te r ia l  
was m e th y la te d  (B F ^ -m e th an o l)  and  p u r i f i e d  on s i l i c a  TLC (MC 
90) g iv in g  a  c o n c e n t r a t e  ( 0 ,4 3  g ) o f  th e  o£ t r i h y d r o x y s t e a r i c  
e s t e r .  T h is  c o n c e n t r a t e  was p u r i f i e d  on  l a y e r s  o f  s i l i c a  
im p re g n a te d  w i th  sodium  a r s e n i t e  (10%, MC 99) and  th e  more 
p o la r  a - e s t e r  e l u t e d  a s  i t s  a r s e n i t e  com plex (0 ,5 1  g ) by 
s lu r r y i n g  w ith  EM 5 0 , A lk a l in e  h y d r o ly s i s  o f  th e  a r s e n i t e  
com plex  w ith  m e th a n o l ic  p o ta s s iu m  h y d ro x id e  (10%, 5 m L) 
a f f o r d e d  jjt—9 ,1 0 ,1 2 - t r i h y d r o x y s t e a r i c  a c id  ( 0 ,2 6  g ) w h ic ft, 
a f t e r  one r e c r y s t a l l i s a t i o n  from  e th a n o l ,  m e fte d  a t  110~1L2°C 
(L itf®  1 0 9 - H 1 ,5 ° C ) .
th r e o  I s o m e r s ,
To a s o l u t i o n  o f  m e th y l r i c i n o l e a t e  ( 5 ,5  g ) i n  fo rm ic  
a c id  (98%, 1 6 .6  m l) ,  h y d ro g e n  p e ro x id e  (100 v o l ,  2 ,2 3  m l) was 
added  and th e  m ix tu re  s t i r r e d  a t  40°C f o r  2 |  h o u r s .  A f te r  
a d d i t i o n  o f  w a te r  and  e x t r a c t i o n  w ith  e t h e r ,  t h e  h y d ro x y -  
form oxy compounds w ere  h e a te d  f o r  one h o u r  w ith  sodium  h y d ro ­
x id e  (3M, 40 m l) .  A c i d i f i c a t i o n  (3M HCl) and f i l t r a t i o n  o f  
t h e  c o o le d  s o l u t i o n  f u r n i s h e d  th e  th r e o  9 ,1 0 ,1 2 - t r i h y d r o x y -  
s t e a r i c  a c id s  ( 4 ,7 5  g , 81%) m .p , 0 0 -8 6 °  l i t f ^  8 2 -8 9 °C ,
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The m ixed a c id s  w ere  d i s s o lv e d  i n  b o i l i n g  c h lo ro fo rm  
(4 0  m l) and  th e  s o l u t i o n ,  when c o o le d  t o  0 °  p r e c i p i t a t e d  a 
w h ite  s o l i d  ( 1 .6  g ) m .p . 102-*107°C. Two r e c r y s t a l l i s a t i o n s  
from  c h lo ro fo rm  a t  0 °  y ie ld e d  0 - 9 ,1 0 ,1 2 - t r i h y d r o x y s t e a r i c  
a c id  ( 1 .1  g ) m .p . 1 0 8 .0 -1 1 0 °  l i t f ®  1 0 9 -1 1 1 .5°C .
A p o r t i o n  o f  t h e  m o th e r  l i q u o r s  ( 0 ,6  g )  was e s t e r i f i e d  
(B F g -m eth an o l) and  th e  h y d r o x y e s te r  c o n c e n t r a te  p u r i f i e d  
f i r s t l y  on s i l i c a  TLC (MC90) and  th e n  on sodium  a r s e n i t e  TLC 
(MC99) a s  d e s c r ib e d  f o r  t h e  0 ^ -iso m er, A lk a l in e  h y d r o ly s i s
o f  t h e  m ore p o l a r  a r s e n i t e  com plex  gave (% 9 ,1 0 ~ i2 - tr lh y d ro x y  
s t e a r i c  a c id  ( 0 .2 8  g ) m .p . 8 4 .5 -8 6 °  l i t f ®  8 6 .8 -8 7 .4 ° G .
PREPARATION OF THE 9.12-13-TRIHYDR02CYSTEARIC ACIDS.
83e r y th r o  I s o m e rs .
A s o l u t i o n  o f  9 -h y d ro x y o c ta d o c " C lg y l2 - e n o ic  a c id  ( 2 .5  g ) 
and  p o ta s s iu m  h y d ro x id e  ( 2 .4  g )  i n  w a te r  (5 0  m l) was c o o le d  
t o  4°C by th e  a d d i t i o n  o f  io e d - w a te r  (50  m l)- P o ta s s iu m  
p e rm an g an a te  (2 .3 5  g )  was th e n  added  and th e  s o l u t i o n  s w ir le d  
f o r  10 m in u te s .  S u lp h u r  d io x id e  was b u b b le d  th ro u g h  th o  
s o l u t i o n  and  th e  r e s u l t a n t  p r e c i p i t a t e  f i l t e r e d  and a i r  d r ie d  
y i e l d i n g  th e  e r y th r o  9 ,1 2 ,1 3 - t r i h y d r o x y s t e a r i c  a c id s  ( 2 .1  g , 
75%) m .p . 9 3 -100°C .
-  140 -
The m ixed a c id s  (1*5 g ) w ore e x t r a c t e d  tw ic e  w ith  b o i l i n g  
c h lo ro fo rm  (25 m l) and  th o  i n s o l u b l e  p o r t i o n  r e c r y s t a l l i s e d  
from  e th y l  a c e t a t e  and  e th a n o l  ( tw ic e )  t o  y i e l d  t h e  9 ,1 2 ,1 3 -  
t r i h y d r o x y s t e a r i c  a c id  (0 .4 1  g ) m.p* 148 -1 5 0 ° l i t f * ^  1 4 8 -  
150°C .
The c h lo ro fo rm  i n s o l u b l e  f r a c t i o n  (0 .6 1  g )  was e v a p o r ­
a te d  t o  d ry n e s s  and  th e  r e s u l t i n g  waxy s o l i d  r e c r y s t a l l i s o d  
s e v e r a l  t im e s  from  e t h y l  a c e t a t e  g iv in g  th e  9 ,1 2 ,1 3 - t r i ­
h y d r o x y s te a r ic  a c id  ( 0 .3 6  g ) m .p , 1 01-103° l i t f ^  1 0 2 -105°C .
th r e o  I s o m e r s .
A s o l u t i o n  c o n ta in in g  m e th y l 9 * "ace to x y o c tad ec - c i  s - 1 2 -  
e n o a te  ( 2 .0  g ) and  m -c h lo ro p e rb e n z o ic  a c id  ( 1 ,6  g ) i n  m e th y le n e  
c h l o r id e  (200  m l) was a llo w e d  to  s ta n d  o v e r n ig h t  a t  room 
te m p e r a tu r e .  The s o l u t i o n  was th e n  w ashed w ith  sodium  s u l ­
p h i t e  (10%, 100  m l) ,  sodium  b ic a r b o n a te  (5%, 3 x 100 m l) and 
w a te r  (2  x 100 m l) .  E v a p o ra t io n  o f  th e  s o lv e n t  y i e ld e d  
m eth y l 9 - a c o to x y - 1 2 ,1 3 - e p o x y s te a r a to  ( 1 .8  g , 86% ). The NMR 
sp e c tru m  o f  t h i s  e s t e r  showed a b s o r p t io n  a t  5 . 2 t  [ i l l ,
CK-(OAc)] 7 ,3 t  (2H, K ÎH ^ H -) and 8 .0 ?  (3H, -OCOCKg) i n  
a d d i t i o n  t o  s i g n a l s  n o rm a lly  p r e s e n t  i n  th o  s p e c t r a  o f  lo n g -  
c h a in  e s t e r s ,
Tho p ro d u c t  was th e n  b o i l e d  f o r  4 h o u rs  i n  g l a c i a l  
a c e t i c  a c id  (40  m l) and  th o  r e a c t i o n  m ix tu re  d i l u t e d  w ith
-  14S -
w a te r  (200  m l) and  e x t r a c t e d  w i th  o th e r  (2  x 150 m l ) .  A f t e r  
e v a p o r a t io n  o f  th e  s o lv e n t ,  t h e  l a s t  t r a c e s  o f  a c e t i c  a c id  
w ore rem oved i n  a s tr e a m  o f  n i t r o g e n  and th e  p ro d u c t  ( 1 .8  g) 
was c h ro m a to g ra p h ed  on  a s i l i c a  colum n ( S o r b s i l  M60, 200 g) 
e l u t i n g  w ith  200 ml o f  P , PE5, PEIO, PE20, PE40, PE60, PE80 
and E and  c o l l e c t i n g  th e  e l u a t o  i n  100 ml f r a c t i o n s ,  Tho 
d iaco to jjy -T ïio n o h y d ro x y es te rs  ( 1 .1  g ) w ere e l u t e d  m a in ly  by 
PESO and a d ju d g e d  p u re  on TLC (PESO). T h ese  e s t e r s  showed 
a b s o r p t io n s  i n  t h e  NMR sp e c tru m  a t  5 .2 ?  [2H, -CH-(OAc)] 
and  8 .0 ?  (6H, -OCOCH^),
The p ro d u c t  ( 1 .0  g )  v/as th e n  r e f lu x e d  f o r  20 m in u te s  
w i th  d ry  m e th a n o l ic  sod ium  m e th o x id e  (15 m l, 0 .5 % ). A d d i t io n  
o f  w a te r  and e t h e r  e x t r a c t i o n  a f f o r d e d  th e  m e th y l t h r e o - 9 ,1 2 ,  
13- t r i h y d r o x y s t e a r a t e s  ( 0 .6 6  g ) .  The m ixed e s t e r s  w ere 
c h ro m a to g ra p h ed  on sod ium  a r s e n i t e  TLC (MC99) an d  a l k a l i n e  
h y d r o ly s i s  o f  t h e  m ore p o l a r  a r s e n i t e  com plex  g av e  th e  9 ,1 2 ,
1 3 - t r i h y d r o x y s t e a r i c  a c id  (0 .3 1  g ) m .p . 8 7 -8 8 ,5 °  l i t f ^  8 9 .5 -  
9 0 ,5 °C . The l e s s  p o l a r  com plex  y ie ld e d  th e  9 ,1 2 ,1 3 - t r i ­
h y d r o x y s te a r i c  a c id  ( 0 .2 0  g) m .p .
CYCLODEHYDRATION REACTIONS.
A l l  c y c lo d e h y d r a t io n  r e a c t i o n s  w ore c a r r i e d  o u t u n d e r  th o  
same c o n d i t i o n s .  The t r ih y d r o x y a c id  (200  mg) was r o f lu x e d  
f o r  s i x  h o u rs  w ith  m e th a n o l ic  s u lp h u r ic  a c id  (15%, 20 m l)
-  150 -
a n d  th o  r e s u l t i n g  e s t e r s  d i l u t e d  w ith  w a te r  (30  m l) and 
e x t r a c t e d  w ith  e t h e r  (2  x  30 m l) .  The com bined e t h e r  l a y e r s  
w ere w ashed w ith  sodium  b ic a r b o n a te  (5%, 30 m l) and  v /a te r  
(3 0  m l) and  a f t e r  e v a p o r a t io n  o f  th e  s o lv e n t ,  th e  p ro d u c t  was 
exam ined  on TLC and GLC,
Tho 9,10,18-trihydroxystGaric acids.
1 . M ixed e r y th r o  i s o m e r s .
Prop,TLC (PE75) o f  th o  t o t a l  p ro d u c t  (196  mg) a f f o r d e d  
t h e  m e th y l 9 ,1 2 -o p o x y - lO -h y d ro x y s to a ra to s  (3 9 )  (128  mg, 75%) 
w h ich  h a d  ECLs o f  2 2 .0 ,  2 2 ,2  and 2 2 .6 .  A p o r t i o n  o f th e  
p ro d u c t  (56  mg) was f u r t h e r  s e p a r a te d  by prep,T LC  (d o u b le  
d ev e lo p m en t PE35) i n t o  two s u b f r a c t i o n s :  [31 mg; ECLs 2 2 .0 ,
2 2 .2  (m a jo r )  and 2 2 .6 ]  and  E^ [21 mg; ECLs 2 2 .0  ( m a jo r ) ,  2 2 .2  
and  2 2 .6 ] ,  T re a tm e n t o f  a  f u r t h e r  p o r t i o n  (60  rag) w ith  
m e th y l i o d i d e - s i l v e r  o x id e  fo llo w e d  by prep.TLC  (PESO) y ie ld e d  
th e  m e th y l 9 , 1 2 -e p o x y -1 0 -m e th o x y s to a ra to s  (3 8 )  (45  mg, ECLs 
2 4 .1 ,  24.4 and 2 4 .6 ) .  Pound; C ,6 9 .9 ;  H , l l , 4 ;  c a l c ,  f o r
^20^^33^4* 7 0 .2 ;  H, 11 .1% . The m ass sp e c tru m  o f  th e
m e th y l e t h e r s  i s  sum m arised  b e lo w .
❖ ECLs o f  h y d r o x y e s to r s  a r e  a s  t h e i r  t r i m e t h y l s i l y l e t h e r s  
and  a l l  ECLs i n  t h i s  s e c t i o n  r e f e r  t o  a DEGS colum n u n le s s  
o th e r w is e  s t a t e d .
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m /e L* m /e L m/o h m /o h
343 6 226 7 157 9 124 100
342 2 225 46 156 62 123 7
341 5 213 5 155 15 121 7
312 22à 199 8 153 3 114 7
311 21 X5 193 9 149 7 113 33
310 14 187 9 135 9 111 7
279 8 185 7 127 15 109 25
257 7 181 5 125 14 107 10
❖ R e la t iv e  t o  b a s e  p eak  = 100 .
The h y d r o x y te t r a h y d r o f u r a n s  (50 mg) w ere  s t i r r e d  o v e r ­
n i g h t  i n  p y r id in e  ( 1 ,5  m l) c o n ta in in g  chrom ium  t r i o x i d e  
(6 0  m g). E th e r  e x t r a c t i o n  fo llo w e d  by prop,TLC (PE50) g av e  
th e  m e th y l 9 , I S - e p o x y - lO - o x o - s te a r a te s  (4 0 ) [ l4  rag, ECLs 2 3 ,8
and 2 7 .3 ] ,  T h e se  e s t e r s  showed a b s o r p t io n  i n  th o  c a rb o n y l
—ir e g io n  o f  th e  IR s p e c tru m  a t  1740 and  1750 cm and  t h e i r  
m ass sp e c tru m  was s i m i l a r  t o  t h a t  o u t l i n e d  f o r  th o  th r e o  
i s o m e r s ,
2 .  M ixed t h r e o  is o m e r s .
A s i m i l a r  p ro c e d u re  t o  t h a t  o u t l i n e d  f o r  t h e  e r y th r o  
iso m e rs  gave h y d r o x y to t r a h y d r o fu r a n s  (131 mg, 76%, ECLs 2 2 .0 ,
2 2 .2  and  2 2 .6 ) ,  Prep,TLC (PE70) a f f o r d e d  two f r a c t i o n s ;  T^ 
(1 0  mg) ECL 2 2 .2 )  and  T„ [26 mg, ECLs 2 2 ,0 ,  2 2 .2  and  2 2 .6
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( m a jo r ) ] .  The mothojtj^ e s t e r s  h ad  ECLs o f  2 4 ,1 ,  2 4 ,3  and 2 4 ,6  
and  t h o i r  m ass sp e c tru m  was s i m i l a r  t o  t h a t  o u t l i n e d  f o r  th o  
e r y th r o  com pounds. The m ass sp e c tru m  o f  th e  o x o - e s t e r s  
(ECLs 2 6 ,0  and 2 7 .3 )  p r e p a re d  a s  d e s c r ib e d  f o r  th e  e r y th r o  
iso m e rs  i s  shown b e lo w .
m /e * m /e t m/o I
326 4 / V
X5
125 5 85 9
325 14 112 11 04 22
295 5 109 20 03 27
294 13 97 9 82 7
107 14 95 0 01 11
105 Ô 93 3 79 4
166 13 91 4 74 12
155 100 87 7 71 13
R e l a t i v e  t o  b a s e  peak 100.
3 , The « - a c id  m .p , 110 -112  C ,
Tho c y c lo d e h y d r a t io n  p ro d u c t  a f f o r d e d  a  s in g l e  m e th y l
9 ,1 2 -e p O 3 jy - lQ -h y d ro x y s t0 a ra to  (120  mg, 73% ). T h is  e s t e r  
had  an  ECL o f  2 2 ,2  w i th  t r a c e s  o f  o th e r  iso m e rs  o f  ECLs 2 2 ,0  
and  2 2 ,6 .  O x id a t io n  o f  th e  h y d ro j .y e s te r  (9 0  mg) w ith  chrom ­
ium t r i o x i d o  (100  mg) i n  p y r id in e  (2  m l) fo llo w e d  by prep,TLC  
(PESO) y ie ld e d  m e th y l 9 , 1 2 -e p o :s y -1 0 -o x o s te « ra te  [29 mg, 48%. 
ECLs 2 6 ,0  ( t r a c e )  and 2 7 .3 ] ,
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4 .  The 0 - a c id  m .p . 1 36 -137°C .
An i d e n t i c a l  p r o c e s s  to  t h a t  o u t l i n e d  f o r  th o  a - a c id  
f u r n i s h e d  th e  h y d r o x y te tr a h y d r o fu r a n  [ l3 7  mg, 77%* ECLs 
2 2 .0  and  2 2 .2  ( t r a c e ) ]  and  th e  o x o te t r a h y d r o f u r a n  [23 mg, 29%. 
ECLs 2 6 .8  and  2 7 .3  ( t r a c e ) ] *
5 . The 6**acid m .p . 8 4 .5 -8 6 ° C .
T h is  a c id  s i m i l a r l y  a f f o r d e d  th e  lO -h y d ro x y o s te r s  [ l2 5  
mg, 71%. ECLs 2 2 .0  and  2 2 .2 ]  and  th e  lO -o x o '- e s te r  (33  mg, 
39%. ECLS 2 0 .0  and 2 7 ,3  ( t r a c e ) ] .
6 .  Tho 6 - a c id  m .p . 1 0 8 .5 -1 1 0 ° C .
C y c lo d e h y d ra t io n  o f  t h i s  a c id  y ie ld e d  a  m e th y l 9 ,1 2 -  
e p o % y -1 0 -h y d ro % y s te a ra te  [ l2 5  mg, 72%. ECLs 2 2 ,2  ( t r a c e )  
and  2 2 .6 ] ,  O x id a t io n  gave  th e  lO - o z o - e s te r  [32 mg, 41%.
ECLs 2 6 .0  ( t r a c e )  and  2 7 .3 ] ,
The 9 ,1 2 ^ 1 3 - t r i h y d r o x y s t e a r i c  a c i d s .
1 .  The m ixed e r y t h r o  is o m e r s .
The c y c lo d e h y d r a t io n  p ro d u c t  (191 mg) was p u r i f i e d  on 
prep.T LC  (PE60) t o  y i e l d  t h e  m e th y l 9 ,1 2 -e p o x y -1 3 -h y d ro x y -  
s t e a r a t e s  (4 1 )  {3.29 mg, 79%. ECL 2 1 .6 ] .  The h y d ro x y e s to r s  
(6 0  mg) w ore th e n  m e th y la te d  (m e th y l i o d i d e - s i l v e r  o x id e )  t o  
g iv e  th o  m e th y l 9 ,1 2 -e p o x y -1 3 - ra o th o x y s te a ra te s  (4 2 ) [44 mg,
ECL 2 3 .O ]. The m ass sp e c tru m  o f  th o  m e th y l e t h e r s  i s  shown
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b elo w Fouhd; C -7 0 .0 , H -11 , 3; c a l c . S o « 3 0 ° 4 ' 7 0 .2 ,
H -1 1 . 1%,
m /e L m /e L m /e L m/p L
343 2 229 9 170 2 123 3
341 2 220 16 177 16 115 20
312 3 227 100 150 10 114 12
3X1 13 226 0 155 3 113 3
310 4 210 3 151 3 111 5
293 5 209 10 150 2 109 10
279 10 196 11 149 11 107 3
271 6v 195 77 141 3 105 4
253 3 104 5 135 7 99 3
239 J L 105 4 133 4 90 3
* R e la t iv e t o  b a s e p eak  = 100 ,
O x id a tio n (chrom ium  t r i o x i d o - • p y r id in e ) o f  th e  h y d ro x y o s t o r s
(6 0  mg) a f f o r d e d  th e  m e th y l 9 ,1 2  e p o % y -1 3 -o x o s te a ra te o
(1 9  mg, 34%, ECLa 2 7 ,0  and 2 7 ,2 ] ,  T hese  e s t e r s  showed
—1b a n d s  i n  th e  IK s p e c tru m  a t  1740 and 1710 cm and  t h e i r  m ass 
sp e c tru m  was s i m i l a r  t o  t h a t  d e s c r ib e d  f o r  th o  t h r e e  is o m o rs .
2 ,  M ixed th r e o  i s o m e r s .
P ro p , TLC (PE0O) o f  th o  c y c lo d e h y d r a t io n  p ro d u c t  a f f o r d e d  
th e  h y d r o x y to t r a h y d r o fu r a n s  (131 mg, 01%, ECLs 2 1 .7  and 2 1 ,9 ) ,  
Tho c o r re s p o n d in g  m e th o x y e s te r s  h ad  ECLs o f  2 3 .7  and  2 4 ,0  and
-  156
h a d  a  s i m i l a r  m ass s p e c tru m  t o  th o s e  d e r iv e d  from  th o  e r y th r o  
iso m o r . Tho o x o - e s t e r s  (24  mg; 34%) had  ECLs o f  2 7 ,0  and
2 7 ,2 and  d # t a i l s  o f t h e i r m ass S p ectru m  a r e  g iv e n  b e lo w .
m /e i f m/o Î- m/o 1
295 10 169 25 111 47
228 13 155 16 109 40
227 92 151 13 107 26
209 21 149 24 106 13
196 14 136 24 101 14
195 100 125 23 99 20
177 33 122 21 90 18
❖ R e la t iv e  t o b a s e peak  = 10 0 ,
3 , Tho a c id  o f  m .p . 148 -150°C
The c y c lo d o h y d r a t io n  p ro d u c t  y i e ld e d  a s i n g l e  m e th y l 
9 ,1 3 * o p o x y -1 3 -h y d ro x y s te a ra t0  D .20 mg, 80%)  ^ ECL 2 1 ,7 #  
a f t e r  prep,T LC  (PE 60^, O x id a t io n  a f f o r d e d  th e  1 3 - o x o - e s te r  
I 20 mg, 33%, ECLs 2 7 ,0  ( t r a c e )  and 2 7 ,2 ] ,
4 .  T he a c id  o f  m .p , 1Q 1-103°G,
An i d e n t i c a l  p ro c e d u re  t o  t h a t  o u t l i n e d  above  gave th o  
h y d r o x y to t r a h y d r o fu r a n s  (125 mg, 31%, ECL 2 1 ,7 )  and  th e  oxo- 
t o t r a h y d r o f u r a n  [25  mg, 32%, ECLs 2 7 ,0  and  2 7 ,2  ( t r a c e ) ] ,
5 ,  Tho a c id  o f  m ,p . 8 6 - 8 8 ,5°C .
T h is  a c id  l ik e w is e  f u r n i s h e d  th e  h y d r o x y e s te r  (129  mg.
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80%, ECL 2 1 .7 )  and th e  o x o - e s t e r  [24 mg, 31%, ECLs 2 7 .0  and
2 7 ,2  ( t r a c e ) ] ,
6 .  The a c id  o f  m ,p , ,
C y c lo d e h y d ra t io n  o f  t h i s  a c id  gave  th e  1 3 -h y d ro % y e s te r  
(124  rag, 78%, ECL 2 1 ,9 )  and  o x id a t io n  y ie ld e d  th e  o x o - e s t e r  
[22  rag, 31%, ECLs 2 7 ,0  ( t r a c e )  and 2 7 .2 ] ,
PREPARATION AND REACTIONS OF RELATED EPOXYESTERS,
M eth y l 9 ,1 0 -e p o x y -1 2 - h y d r o x y s t e a r a to .
To a s o l u t i o n  o f  m e th y l r i c i n o l e a t e  (500  rag, 1 ,0  raraole)
i n  m e th y le n e  c h l o r id e  (1 0  m l) was added  ra -c h lo ro p e rb e n a o ic  
117a c id  (4 2 0  rag, 2 .2  raraole) i n  m e th y len e  c h l o r i d e  (15  
A f t e r  s ta n d in g  o v e r n ig h t  a t  room te m p e r a tu re ,  t h e  s o lu t i o n  
was w ashed w ith  s u c c e s s iv e  p o r t i o n s  o f  sodium  s u l p h i t e  (10%, 
10 m l) ,  sod ium  b ic a r b o n a te  (5%, 2 :: 10 m l) and  w a te r  (2  x 
10 m l) and  e v a p o ra te d  to  y i e l d  m eth y l 9 ,1 0 -e p o x y -1 2 -h y d ro x y -  
s t e a r a t e  (500  rag). T h is  e s t e r  was a d ju d g e d  p u re  on TLC 
and  h ad  a n  ECL o f  2 4 ,3 ,
The e p o x y - e s te r  (220  rag, 0 ,6 7  raraole) was s t i r r e d  o v e r ­
n i g h t  w i th  b o ro n  t r i f l u o r i d e - e t h e r a t e  ( 0 .8  m l, 1 .6  raraole) i n  
d io x a n  (1 0  m l) .  A f t e r  e x t r a c t i o n  v /i th  e t h e r ,  t h e  p ro d u c t 
(2 1 0  rag) was p u r i f i e d  on  prep,T L C  (PE75) t o  y i e l d  t h e  m e th y l
9 , 1 2 -e p o x y -1 0 -h y d ro x y s  t e a r a t e s  (75 rag, 44%) w h ich  h ad  ECLs
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Of 2 3 ,0 ,  22*2 and 2 2 ,6  ( t r a c e ) .
A tte m p te d  e p o x x d a tio n  o f  m e th y l 9 ~ h y d ro x y ~ o c ta d e o -G is -1 2 -e n o a te .
T re a tm e n t o f  t h e  h y d r o x y e s te r  (310  mg, 1 ,0  mmole) w ith  
p e r a c id  (230  mg, 1 ,1  mmole) i n  m e th y le n e  c h l o r id e  (2 0  m l) 
a f f o r d e d  a p ro d u c t  (300  mg) w hich  h ad  EChs o f  2 1 .7  and 2 1 ,9 ,
Prep.TEC (PE60) o f  th e  p ro d u c t  (230  leg) y ie ld e d  a m a jo r  f r a c ­
t i o n  A (185 mg, 88%, ECLs 2 1 ,7  and 21*9) and  s e v e r a l  m ore 
p o l a r  m in o r b an d s  (23  mg, 12%. No p eak s  on  GLC),
M é th y la t io n  (m e th y l i o d i d e - s i l v e r  o x id e )  o f  f r a c t i o n  A 
(60  mg) fo llo w e d  by prep.T L C  (PE35) y ie ld e d  th e  m e th y l e t h e r s  
(4 6  mg, ECLs 2 3 ,7  and 2 4 ,0 )  w h ich  had  a  m ass sp e c tru m  i d e n t i ­
c a l  w i th  t h a t  o f  t h e  m e th y l 9 ,1 2 -ojnoxy-1 0 - m e th o x y s te a r a te s  
o b ta in e d  by  c y c lo d e h y d r a t io n  o f  th e  e r y th r o  9 , 1 2 ,1 3 - t r i h y d -  
r o x y s t e a r i c  a c id s  ( p . 1 5 4 ) .
M eth y l 9 - a c o to x y - 1 2 ,1 3 - o p o x y s to a r a te .
M eth y l 9 -h y d ro x y o c ta d o o -c i s - 1 2 -e n o a te  (4 5 0  mg) was 
r e f lu x e d  f o r  f i v e  h o u rs  i n  a c e t i c  a n h y d r id e  s o l u t i o n  (5 m l) .
E th e r  e x t r a c t i o n  y ie ld e d  th e  9 -a c o to x y  e s t e r  (450  mg, ECL 
2 4 ,5 ) .  E p o x id a t io n  o f  t h e  e s t e r  (400 mg, 1 ,1 3  m o l e )  w ith  
p e r a c id  (330  mg, 1 ,6  mmole) i n  m e th y le n e  c h l o r id e  (20  m l) 
a f f o r d e d  m e th y l 9 - a c e to x y -1 2 ,1 3 ~ e p o x y s te a r a te s ( 4 0 0  m g).
( s e e  p . 148 f o r  th e  p r o p e r t i e s  o f  t h i s  e s t e r ) .
The a c e to x y - e p o x y e s te r  (100 mg) was r e f lu x e d  f o r  30 m in ­
u t e s  w ith  d ry  m e th a n o l ic  sodium  m e th o x id e  (0 .5% , 10 m l) .  E th e r  
e x t r a c t i o n  a f f o r d e d  a  p ro d u c t  (100  mg) w hich  h ad  ECLs o f  2 1 ,7  and
2 1 .9
-  X58 -
SOME REACTIONS OF EPOXYESTEES,
S t a r t i n g  M a t e r i a l s .
M ethy l r i c i n o l e a t e  and  m e th y l 9 -h y d ro x y o c ta d e c  - c i a -12"* 
o n o a to  w ere  p r e p a re d  a s  d e s c r ib e d  p r e v io u s ly  ( p p . 132 and 1 4 4 ). 
M eth y l l i n o l e a t e  and  m e th y l 1 2 - , l3 - d ih y d r o x y o le a to  fjroro
a v a i l a b l e  i n  th e  l a b o r a t o r y ,
40M ethy l 1 2 - o x o - o lo a te ,
To a  s o l u t i o n  o f  c a s t o r  e s t e r s  (2  g ) i n  g l a c i a l  a c e t i c  
a c id  (2 0  m l) was added  a l l  a t  <mce a n  oaddigA ag s o l u t i o n  o f  
sod ium  d ic h ro m a te  d ih y d ra t©  ( 1 ,2 0  g ) i n  w a te r  ( 1 ,6  m l) ,  a c e t i c  
a c id  (12  m l) and  o o n c . s u lp h u r i c  a c id  ( 0 ,7  m l) .  A f t e r  s t i r ­
r i n g  v ig o r o u s ly  f o r  30 s e c o n d s , th e  s o l u t i o n  was d i l u t e d  w ith  
i c e d - w a te r  (50  m l) and  th e  p ro d u c t  i s o l a t e d  by  e x t r a c t i o n  w ith  
e t h e r ,
The r e a c t i o n  m ix tu re  (2  g )  was ch ro m a to g ra p h ed  o n  s i l i c a  
g e l  ( S o r b s i l  M60, 100 g )  e l u t i n g  w i th  200 ml P, PE5, PEIO,
PE20 , PB30 and  PE40, M eth y l 1 2 -o x o -c le a t©  (1 .1  g ) was e lu t e d  
m a in ly  by PESO and  was a d ju d g e d  p u re  on TLC (PESO). The 
e s t e r  h ad  an  ECL (DEGS) o f  2 5 ,5  and  showed a b s o r p t io n  i n  th e  
IR sp e c tru m  a t  3010 and  1715 cm * ,
M eth y l 9 -o x Q -o c ta d e c -c is -1 2 -e n o a to ir^
C hrom ic a c id  o x id a t io n ,  a s  d e s c r ib e d  a b o v e , o f  m e th y l
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9 -h y d ro > :y o o tad ec- o i s - 1 2 -o n o a te  (500  rag) fo llo w e d  by  prep.TLC  
(PESO) a f f o r d e d  th e  9 - o x o - e s t e r  (294 m g). T h is  e s t e r  h ad  an  
ECL (DEG8) o f  2 5 .7  and  a l s o  gave  p eak s  i n  th e  IR opeo trum  a t  
3010 and  1715
73M eth y l x im e n y n a te .
The m ixed a c i d s  o f  S a n ta lu in  album  seed  o i l  (700  mg) w ere 
r e c r y s t a l l i s o d  s e v e r a l  t im e s  from  p e tro le u m  to  y i e l d  x im enyn io  
a c id  (530  Kg) m .p , 3 8 -3 9 °  l i t T ^  3 8 ,5 -3 9 .5 ° C . M é th y la t io n  
(b o ro n  t r i f l u o r i d e - m e t h a n o l )  o f  th e  a c id  (500  mg) a f f o r d e d  
th e  e s t e r  (500  mg) w hich  h ad  an  ECL (DEGS) o f  2 2 .9  and  w hich 
was a d ju d g e d  p u re  on TLC (P E 5 )#
74M ethy l c ro p o n y n a to ,
A f z o l i a  q u a n z o n s ls  s e e d  o i l  ( 1 ,1  g )  was r e f lu x e d  f o r  
f o u r  m in u te s  w i th  d ry  m e th a n o l ic  sodium  m e th o x id e  (15 m l, 0 ,2% ) 
and  th e  m ixed e s t e r s  (0 .9 5  g ) o b ta in e d  by  e x t r a c t i o n  w ith  
p e tro le u m .
M ixed e s t e r s  (600  mg) w ere  th e n  s u b je c te d  t o  p r e p .Ag^
TLC (d o u b le  d ev e lo p m en t PE12§) and m eth y l c r e p o n y n a te  (190 
mg) was i s o l a t e d  a s  th e  band  ru n n in g  im m e d ia te ly  above m eth y l 
l i n o l e a t e .  The e s t e r  h ad  an  ECL (DEGS) o f  2 1 .4  and  was shown 
t o  be  p u re  on TLC (P E 5 ),
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A ttem p te d  t r a n s  h y d r o x y la t io n  o f  m e th y l 9 -h y d ro x y -o c ta d e c -c i s -  
481 2 - e n o a te ,
The h y d r o x y e s te r  ( 2 ,5  g ) was d i s s o lv e d  i n  fo rm ic  a c id  
(98%; 7 ,6  m l) .  To th e  s o l u t i o n  was added  h y d ro g e n  p e ro x id e  
(1 0 0  v o l . ,  1 ,1  m l) and  th e  m ix tu re  was s t i r r e d  f o r  3 h o u rs  a t  
40°C , A d d i t io n  o f  w a te r  and  e t h e r  e x t r a c t i o n  y i e ld e d  a 
p ro d u c t  ( 2 .5  g ) w h ich  was th e n  h e a te d  f o r  one h o u r  a t  lOO^C 
i n  sod ium  h y d ro x id e  s o l u t i o n  (3RÎ, 30 m l) .  A c i d i f i c a t i o n  
(3M liC l) d id  n o t  g iv e  any  s o l i d  and t h e  r e s u l t a n t  o i l  was 
e x t r a c t e d  w i th  e t h e r .  Y ie ld  = 2 ,2  g ,
A p o r t i o n  o f  th e  o i l  ( 0 ,5  g) was e s t e r i f i e d  (B F ^-m eth­
a n o l )  t o  y i e l d  e s t e r s  ( 0 .4 6  g ) w h ich  had  ECLs (DEGS) o f  2 1 .7 ,
2 1 ,9  and 2 3 ,2  a s  t h e i r  t r i m e t h y l s i l y l  d e r i v a t i v e s .
Prep,TLC (PESO) o f  t h e  p ro d u c t  (390  mg) g av e  t h r e e  
f r a c t i o n s :  A (227 mg, 69%); B (39  mg, 12%) and C (63  mg,
19% ), F r a c t io n  A h ad  ECLs o f  2 1 ,7  and 2 1 .9  w h ich  becam e 
2 3 ,8  and  2 4 ,0  a f t e r  t r e a tm e n t  w ith  m eth y l i o d i d e - s i l v e r  o x id e .  
The meth03cy d e r i v a t i v e s  h ad  a m ass sp e c tru m  w hich  was v e ry  
s i m i l a r  t o  t h a t  o f  th e  m e th y l 9 , 1 2 -e p o x y " l3 ’^ o t h o x y o to a r a t e s  
p r e p a re d  by c y c lo d e h y d r a t io n  o f  th e  9 ,1 2 ,1 3 - t r i h y d r o x y s t e a r i c
a c id s  ( p .  1 5 4 ) . Found : C -6 9 .9 ,  H -1 1 ,5 ; c a l c ,  f o r  C^_H _^0.:20 ob 4
C -7 0 ,2 ,  H -11,1% ,
F r a c t io n  B showed no p eak s  on GLC and  f r a c t i o n  C h ad  
an  ECL o f  2 3 .2  N e i th e r  f r a c t i o n  was i d e n t i f i e d *
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A tte m p te d  e p o x id a t io n  o f  m e th y l t h re o  1 2 ,1 3 -d ih y d r o x y o le a te ,
A s o l u t i o n  c o n ta in in g  m e th y l 1 2 ,1 3 -d ih y d r o x y o le a te  (5 0 0  
mg; 1 .5 3  mmole) and m -c h lo ro p e rb e n s o ic  a c id  (350  mg, 1 .7 2  
mmole) i n  m e th y le n e  c h l o r id e  (25  m l) was a llo w e d  t o  s ta n d  
o v e r n ig h t  a t  room te m p e r a tu r e .  A f t e r  d i l u t i o n  w ith  e t h e r  
(100  m l) th e  s o l u t i o n  was w ashed w i th  s u c c e s s iv e  p o r t i o n s  o f  
sodium  s u l p h i t e  (10%, 30 m l) ,  sodium  b ic a r b o n a te  (5%, 3 x  30 
m l) and  w a te r  ( 2  x  30 m l ) .  A f to r  d ry in g  o v e r  sod ium  s u l ­
p h a te ,  th e  e t h e r  l a y e r s  w ere  e v a p o ra te d  t o  y i e l d  p ro d u c t  
(510  m g).
Prep,TLC (E ) o f  a p o r t i o n  o f  th e  p ro d u c t (230  mg) 
a f f o r d e d  t h r e e  b a n d s : A (9 0  mg, 45%); B (ICO mg, 50%) and
C (9  mg, 5%), F r a c t io n  A h ad  an  ECL o f  2 2 ,0  a s  i t s  t r i -  
m e t h y l s i l y l  d e r i v a t i v e  w h ich  becam e 2 6 ,6  a f t e r  t r e a tm e n t  
w ith  m e th y l i o d i d e - s i l v e r  o x id e  w h i l s t  f r a c t i o n  B h ad  ECLs 
o f  2 2 ,2  and  2 7 .0  b e f o r e  and  a f t e r  m é th y la t io n .  The m ass 
s p e c t r a  o f  f r a c t i o n s  A and  B w ere  n e a r ly  i d e n t i c a l  and o n ly  
th e  sp e c tru m  o f  f r a c t i o n  A i s  l i s t e d  b e lo w ,
m /e m /d m /e ^  m /e  I_
341 6 170 7 119 5 94 5
340 4 169 10 113 6 93 9
309 10 168 8 111 9 07 28
* T h is  p ro c e d u re  w i l l  be  r e f e r r e d  t o  a s  " e p o x id is o d  i n  th e  
u s u a l  way" i n  a l l  s u b s e q u e n t e p o x id a t io n  r e a c t i o n s .
m /e
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153 11 110 7 85 11
202 5 140 6 109 13 84 5
201 41 139 46 101 6 03 13
200 6 137 17 98 0 02 6
185 30 133 10 97 4 01 16
172 11 127 32 96 8 79 8
171 100 121 26 95 67 75 55
F r a c t io n  C showed no p e a k s  on GLC and  was n o t  I n v e s t i g a t e d  
f u r t h e r .
M eth y l 9 ,1 0 ,1 2 ,1 3 - d i - e p o x y s t e a r a t e .
M eth y l l i n o l e a t e  (300  mg, 1 mmole) was e p o x id is o d  w ith  
p e r a c id  (450  mg, 2 ,2  mmole) i n  m e th y le n e  c h l o r id e  (25  m l) i n  
th e  u s u a l  w ay. The p ro d u c t  (310  mg) was shown t o  b e  p u re  on 
TLC (P E 4 0 ).
The d i - e p o x id e  (3 1 0  mg, 0 ,9 0  mmole) was s t i r r e d  o v e r ­
n i g h t  I n  d io x a n  c o n ta in in g  B F g * -e th era te  ( 0 ,1 3  m l, 1*05 mmole) 
A f t e r  e x t r a c t i o n  w ith  e t h e r ,  t h e  p ro d u c t  was exam ined  on TLC 
and  GLC,
The r e a c t i o n  m ix tu re  had  ECLs o f  2 1 ,6  (DEGS) and 1 0 ,0  
and  2 0 ,6  o n  ApL. Prep,TLC  a f f o r d e d  f i v e  b a n d s ; A (53  mg, 
21%); B (11 mg, 4%); C (4 4  mg, 17%); D (51 mg, 20%) and  E 
(1 0 0  mg, 39% ).
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F r a c t io n  A*
T h ese  e s t e r s  had  ECLs o f  2 1 ,6  (DEGS) and  1 8 .0  (A pL), 
The N .M .R. sp e c tru m  showed a b s o r p t io n  a t  4 .3 t (2 tl) and  some 
d e t a i l s  o f  t h e  m ass sp e c tru m  a r e  g iv e n  b e lo w .
m A L m /e L m /e k
300 10 103 0 107 11
877 7 152 10 105 0
251 10
237 9 151 79 95 100
179 7 135 15 94 9
177 5 131 7 93 13
166 10 109 13 91 20
165 67 100 15
F r a c t io n  B .
A n a ly t i c a l  TLC (PE40) showed t h i s  band  to  b e  a  m ix tu re  
o f  s e v e r a l  m in o r b an d s  and  i t  was n o t  exam ined f u r t h e r .
F r a c t io n  C ,
T h is  f r a c t i o n  had  an  ECL o f  8 7 ,5  (DEGS) and  2 0 ,6  (ApL) 
and  h ad  a p o l a r i t y  b e tw e en  s y n t h e t i c  9 ,1 2 -e p o x y  and m ono- 
h y d r o x y e s te r s  on TLC (JPE30), The IB sp e c tru m  showed p eak s  
a t  3000 and 950 cm w h i l s t  N.M.U, sp e c tru m  gave  a  s ig n a l  a t  
5 ,9 5 t (1H) and showed th e  a b s e n c e  o f  o l e f i n i c  p r o to n s .  Pound: 
C, 6 9 .4 ;  H, 1 0 .1 ;  c a l c ,  f o r  C^gH^^O^; C, 6 9 ,9 ;  H, 10 ,4% ,
Some d e t a i l s  o f  th e  m ass sp e c tru m  a r e  g iv e n  b e lo w .
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m /e i E /k m /e 1 m /e I
326 34 187 12 151 9 128 7
296 32 185 0 150 9 127 5
277 11 183 6 149 6 125 11
269 7 171 6 143 7 124 16
249 19è» 169 6 141 11 123 13
237 21 K5 166 14 140 14 122 7
228 8 157 7 139 34 121 7
207 6 150 14 138 11 119 6
194 9 155 100 137 8 113 13
193 5 
F r a c t io n  D,




The so e s t e r s  h ad anECL (ApL) o f 2 0 ,6 1 , The IR s p e c t r i
shov/ed s t r o n g  a b s o r p t io n  a t  1720 cm O x id a t io n  w i th
chrom ium  t r i o x i d o  g av e  d ib a s i c  e s t e r s .  F r a c t io no 9 iU
D (4 0  mg) was re d u c e d  w i th  sodium  b o ro h y d r id o  (40  mg) i n  m e th ­
a n o l (5  m l) t o  a p ro d u c t  (4 0  mg) w h ich  h ad  an  ECL o f  2 0 ,3  
(DEGS) a s  i t s  t r i m e t h y l s i l y l  d e r i v a t i v e .  T h is  re d u c e d  e s t e r  
was r e f lu x e d  f o r  f o u r  h o u rs  w i th  m e th a n o l i c - s u lp h u r ic  a c id  
(15%, 5 m l) and  t h e  p ro d u c t  (3 0  mg) h ad  ECLs o f  2 1 ,3  and 2 1 ,6  
b e f o r e  t r i m e t h y l s i l y l a t i o n  and  2 0 ,3 ,  2 1 ,3  and  2 1 ,6  a f t e r  t r i ­
m e th y l s i l y l  a t i o n .
F r a c t io n  E ,
T h is  f r a c t i o n  gav e  no p e a k s  on GLC b o th  b e f o r e  and  a f t e r  
t r i m e t h y l s i l y l a t i o n  and  TLC (PECO) showed i t  t o  b e  a  com plex  
m ix tu re  o f  p r o d u c ts .
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Ep o x id a t io n  o f  m e th y l l E - o x o - o l e a t e .
The o x o - e s t e r  (500  mg, 1*6 m o l e )  was e p o x id is o d  w ith
p e r a c id  (420  mg, 2 .2  mmole) i n  m e th y le n e  c h l o r id e  (40  m l) i n
th e  u s u a l  w ay. The t o t a l  p ro d u c t  (500 mg) h ad  ECLs (DEGS)
o f  2 1 ,8  and  2 2 .1  and  a v e ry  l a t e  ru n n in g  p eak  o f  ECL 3 3 .
GLC on an  ApL co lum n showed a  v e ry  b ro a d  t a i l i n g  p e a k . The
—1IR s p e c tru m  showed a b s o r p t io n  a t  1710 and  830 cm and  th e
NMR sp e c tru m  gave p e ak s  a t  7 ,0 t (2H) and 7 .5 ?  (6H) v /h i l s t  th e
J %UV s p e c tru m  showed a weak a b s o r p t io n  a t  230 nra, E^^^^ = 1 6 ,
The p ro d u c t  (30  mg) when re d u c e d  w ith  sodium  b o ro h y d r id e  (30
mg) i n  m e th an o l (5  m l) gav e  an  e s t e r  (30  mg) w h ich  h ad  an
ECL (DEGS) o f  2 4 ,3  a s  i t s  t r i m e t h y l s i l y l  e t h e r  and  w h ich
c o u ld  n o t  b e  d i s t i n g u i s h e d  c h r o m a to g ra p h ic a l ly  from  m e th y l 9 ,
1 0 -e p o x y -1 2 - h y d r o x y s te a r a te  p r e p a re d  by e p o x id a t io n  o f  m e th y l
r i c i n o l e a t e  ( p .  1 5 6 ) ,
Prep,TLC (PESO) o f  th e  p ro d u c t  (460 mg) gave  a  m a jo r
b an d  A (341 mg, 85,5% ) and  s e v e r a l  m in o r b an d s  (53*3  mg, 1 4 ,5 % ),
F r a c t io n  A gav e  p e a k s  i n  t h e  IR s p e c tru m  a t  1710, 1690 , 1685,
—1980 and  830 cm • The UV sp e c tru m  showed a b s o r p t io n  a t  
1%227 nm, E^Q^  ^ = 178 w h i l s t  t h e  KMR sp e c tru m  gave  p eak s  a t  3 ,2 -
4 ,3 ?  and  5 ,8 t w i th  re d u c e d  a b s o r p t io n  a t  7 ,0 ?  and  7 ,6 ? ,
F r a c t io n  A (9 0  mg) was s t i r r e d  f o r  65 h o u rs  i n  o th e r
(2 5  m l) c o n ta in in g  s i l i c a  g e l  G (5  g ) .  The new p ro d u c t  A
1 %showed a b s o r p t io n  i n  t h e  UV sp e c tru m  a t  227 nm, E ^^^ « 27 0 ,
166 -
The NMR and  IR s p e c t r a  w ere  s i m i l a r  t o  th o s e  o f  f r a c t i o n  A
a l th o u g h  th e  p eak s  a t  3 . 2 - 4 , 3t and 5 .8 ?  and  1690, 1605 and 
—1980 cm h ad  in c r e a s e d  i n  i n t e n s i t y ,  A (3 0  mg) was re d u c e d  
w i th  sodium  b o ro h y d r id e  i n  m e th an o l t o  g iv e  a p ro d u c t  (30  mg) 
w hich  h ad  ECLs (DEGS) o f  2 0 .2  (05%) and 2 4 .3  (15%) a s  i t s  
t r i m e t h y l s i l y l  d e r i v a t i v e ,  von R u d lo f f  o x id a t io n  o f  th e  
re d u c e d  p ro d u c t  gav e  n o n a n e d io ic  and  h e p ta n o ic  a c id s  o n ly .
A tte m p te d  e p o x id a t io n  o f  m e th y l 9 -o : :o -o c ta d e c -c i s - 1 2 - e n o a te .
The 0X0- e s t e r  (310  mg, 1 mmole) was e p o x id is o d  w ith  p e r— 
a c id  (250  mg, 1 .2  mmole) i n  m e th y le n e  c h lo r id e  (25 m l) i n  th e  
u s u a l  w ay. The p ro d u c t  (295 mg> h ad  ECLs (DEGS) o f  2 4 .4  and 
2 5 .2  b e f o r e  and  1 8 .4 ,  1 9 .8 ,  2 1 ,6 ,  2 2 .5 ,  2 4 .4 ,  2 5 .0  and  2 5 .2  
a f t e r  t r i m e t h y l s i l y l a t i o n .
Prep.TLC (PE30) o f  th e  p ro d u c t  gave f i v e  b a n d s : A (64
mg, 29%); B (53  mg, 24%); C (3 7  mg, 17%); D (2 9  mg, 13%) and 
E (40  mg, 10% ), The GLC b e h a v io u r  o f  e a c h  f r a c t i o n  i s  sum­
m a r is e d  i n  t a b l e  28 p ,  8 5 .
The f i v e  f r a c t i o n s  w ere  reco m b in ed  and  prop,TLC (PE90) 
gave s e v e r a l  m in o r f r a c t i o n s  (99  mg, 50%) and  one m a jo r  band  
F (99  mg, 50% ), The m a jo r  f r a c t i o n  had  ECLs (DEGS) o f  1 0 ,4 ,
2 1 .6 ,  2 2 ,4  and 2 5 ,0  (80%) a s  i t s  t r i m e t h y l s i l y l  d e r i v a t i v e .
T h is  f r a c t i o n  showed a b s o r p t io n  i n  th e  IR sp e c tru m  a t
3580, 3420 and 1710 cm von R u d lo f f  o x id a t io n  g av e  h e x -
a n o ic  a c id  and a com ponent o f  ECLs 2 6 ,9  (DEGS) and  1 6 ,1  (A pL),
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O x id a t io n  o f  a u t h e n t i c  m e th y l 9 -o x o -o c ta d e c - c i s - 1 2 -e n o a te  gave 
th e  same tw o com ponents and t h e r e f o r e  th e  e s t e r  o f  ECLs 2 6 .9  
and  1 6 .1  was m e th y l 4 -o x o d o d e c a n o a te , Some d e t a i l s  o f  th e  
m ass s p e c tru m  o f  f r a c t i o n  F a r e  shown b e lo w .
m /e L m /e I m /e L m /e L
326 10 141 19 101 11 87 22
297 25' \)C5 135 11 99 22 06 34
295 20 125 70 90 17 08 27
255 12 124 20 97 54 04 34
197 13 113 19 96 17 03 77
185 100 111 16 95 50 02 29
153 17 109 20 93 12 01 54






The m a jo r  f r a c t i o n  F (50  mg) was r e f lu x e d  f o r  3 h o u rs
w i th  m e th y l i o d i d e - s i l v e r  o x id e  and  th e  m a jo r  p ro d u c t  (33  mg) F
i s o l a t e d  by  prep.T LC  (PESO). T h is  h a d  ECLs (DEGS) o f  2 4 .4
-1and 2 5 .3  and showed no a b s o r p t io n  a t  1710 cm i n  t h e  IR  
s p e c tru m . I t s  m ass s p e c tru m  was s i m i l a r  t o  t h a t  o f  f r a c t i o n  
A and w i l l  be  d i s c u s s e d  l a t e r .
F r a c t io n  A .
S i l i c a  TLC (PE30) showed t h a t  i t  had  p a r t i a l l y  i s o m e r is e d  
t o  a  m ore p o la r  p r o d u c t .  T h is  p ro d u c t  h ad  an  ECL (DEGS) o f
2 5 .1  a a  i t s  t r i m e t h y l s i l y l  e t h e r  and  had  th e  same p o l a r i t y  on
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TLC (PE90) a s  f r a c t i o n  F a b o v e . The m ass s p e c t r a  o f  A and F 
w ere v e ry  s i m i l a r  and  o n ly  d i f f e r e d  i n  r e s p e c t  o f  th e  r e l a t i v e  
i n t e n s i t i e s  o f  th e  v a r io u s  p e a k s .  D e t a i l s  o f  th e  two s p e c t r a  
a r e  shown b e lo w .
m /e L m /e L i . m /e I k m /e I k
326 13 16 197 30 16 141 47 22 114 12 9
297 33 11 193 12 7 140 13 8 113 40 22
295 37 11 180 32 10 139 10 - 112 10 -
255 42 16 105 100 100 135 14 7 111 40 10
243 11 - 184 17 7 133 10 - 110 19 10
237 40 19 183 10 « 120 32 15 109 33 19
226 20 7 101 10 — 127 35 20 100 19 10
225 15 0 171 10 - 126 23 11 107 25 14
223 10 - 169 30 13 125 100 53 101 12 7
212 11 - 153 25 12 124 33 14 100 13 -
211 70 41 151 15 7 123 17 17 99 42 10
207 10 0 143 23 11 121 10 - 90 33 17
200 22 11 142 50 23 115 11 11 97 100 69
R e la t iv e  t o  b a s e  p e a k  = 100 ,
F ig u re s  on  l e f t  r e f e r  t o  i n t e n s i t i e s  o f  p e ak s  i n  t h e  sp e c tru m  
o f  f r a c t i o n  A and f i g u r e s  on th e  r i g h t  to  th o s e  i n  f r a c t i o n  F .'
S in c e  i t  was e v id e n t  t h a t  e x te n s iv e  i s o m é r i s a t i o n  was t a k in g  
p la c e  on s i l i c a  TLC, f r a c t i o n s  B, C, 0 ,  and E w ere n o t  i n v e s ­
t i g a t e d .
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R é a c t io n s  o f  a o e t y l e n i c  e p o x id e s ,
1 . M ethy l x im e n y n a te .
M ethy l x im e n y n a te  (4 3 0  mg, 1 ,4 7  mmole) was e p o x id is o d  
w i th  p e r a c id  (330  mg, 1 ,6 2  mmole) i n  m e th y le n e  c h l o r id e  (25 
m l) i n  t h e  u s u a l  w ay. The p ro d u c t  (420 mg) was p u r i f i e d  
on prep,T L C  (PE25) t o  g iv e  m e th y l 1 1 ,1 2 - e p o x y s te a r o la te  
(175 mg, 46%) a s  t h e  m a jo r  b a n d . The e p o x y e s te r  h ad  an  ECL 
(DEGS) o f  2 6 ,3  and was p u re  on TLC (PE2 5 ) ,
To a  s o l u t i o n  o f  t h e  e p o x y e s te r  (100 mg) i n  m e th an o l 
(10  m l) ,  m e rc u r ic  s u lp h a te  (10  mg) and d i l u t e  s u lp h u r ic  a c id  
(2M, 1 m l) w ere  added  and  th e  mi^rfcure s t i r r e d  and  r e f lu x e d  
f o r  20 m in u te s*  A d d i t io n  o f  w a te r  (20  m l) and  e x t r a c t i o n  
w i th  o th e r  (2  x 20 m l) a f f o r d e d  a p ro d u c t (8 7  mg) w h ich  v;as 
s e p a r a te d  by prep,T LC  (PE25) i n t o  a  m a jo r f r a c t i o n  A (6 3  mg, 
71%) and  s e v e r a l  m ore p o l a r  m in o r b an d s  (26  mg, 29% ),
F r a c t io n  A h ad  ECLs o f  2 1 ,5  (DEGS) and  1 0 ,0  (A pL), The 
NTffî, IR , UV and m ass sp e c tru m  o f  A w ere  i d e n t i c a l  w i th  th o s e  
o f  t h e  f u r a n  e s t e r  p r e p a re d  from  9 ,1 2 - d io x o s te a r i c  a c id  ( p ,  
1 4 1 ).
2 ,  M eth y l c r e p e n y n a te .
M eth y l c ro p e n y n a te  (188  mg, 0 ,6 4  mmole) was o p o x id is e d  
w i th  p e r a c id  (150  mg, 0 .7 4  m io le )  i n  m e th y len e  c h l o r id e  (1 0  m l) 
i n  th e  u s u a l  w ay. The p ro d u c t  (100  mg) was hom ogeneous on 
TLC (PE25) and  h ad  an  ECL (DEGS) o f  2 6 .0 .
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The e p o x y e s te r  (100  mg) was t r e a t e d  w ith  m e rc u r ic  s u l ­
p h a t e - s u lp h u r i c  a c id  a s  d e s c r ib e d  above th e  th e  p ro d u c t  o n ly  
showed s e v e r a l  b ro a d  humps on  GLC and  two t a i l i n g  s p o ts  on 
TLC (P E 2 5 ),
RADICAL CYCLISATION REACTIONS OF SO m  HYDROXYSTMEATEG * 
S t a r t i n g  M a t e r i a l s .
1 . M ethy l 1 2 - h y d r o x y s te a r a te .
M ethy l r i c i n o l e a t e  (1  g ) was h y d ro g e n a te d  o v e r  a 
p a l la d iu m -c h a rc o a l  c a t a l y s t  (150  mg) i n  d ry  m e th an o l (3 0  m l) 
a t  one a tm o sp h e re  f o r  o n e  h o u r .  A f t e r  f i l t r a t i o n ,  t h e  p r o ­
d u c t  (1 g ) was p a s se d  down a  s i l i c a  colum n e l u t i n g  w ith  200 
ml P , PEIO, PE20, and  PE40, M ethy l 1 2 - h y d ro x y s te a r a te  
( 0 ,6 3  g ) was e l u t e d  m a in ly  b g  PK40 and was a d ju d g e d  t o  be  
p u re  on  TLC (P B 4 0 ). The e s t e r  h ad  an  ECL (DEGS) o f  2 5 ,9  
w hich  becam e 1 9 .6  a f t e r  t r i m e t h y l s i l y l a t i o n ,
2 .  M ethy l 9 - h y d ro x y s te a ra t© ,
H y d ro g e n a tio n  o f  m e th y l 9 -hydrQxyoctadec***c l s - 1 2 -e n o a te  
(1 g ) l ik e w is e  a f f o r d e d  th e  9 - h y d ro x y e s te r  ( 0 ,7 3  g ) w hich  
e x h i b i t e d  s i m i l a r  c h ro m a to g ra p h ic  b e h a v io u r  t o  th e  1 2 -h y d ro x y  
e s t e r ,
3 . M ethy l 9 ,1 2 - d lh y d r o x y s t e a r a t e ,
9 ,1 2 - d ih y d r o x y s te a r i c  a c id  (1 g ) ( p . 139) was r e f lu x e d
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f o r  15 m in u te s  w ith  b o ro n  t r i f lu o r id e - m e th a n o l  (3  m l) i n  
m e th an o l (3 0  m l ) , E th e r  e x t r a c t i o n  fo llo w e d  by prep.TLC  
(PE90) gave p u re  d ih y d ro x y - e s t o r  (0 ,6 0  g ) w hich  h ad  an  ECL 
(DEGS) o f  2 0 .3  a s  i t s  t r i m o t h y l s i l y l e t h e r ,
R e a c t io n s  w i th  l e a d  t e t r a a c e t a t e .
1 .  M ethy l 1 2 - h y d r o x y s te a r a te ,
M eth y l 1 2 - h y d r o x y s te a r a te  (310  mg, 1 m m ole), l e a d  t e t r a ­
a c e t a t e  (05%, 560 mg, 1 .1  mmole) and  c a lc iu m  c a r b o n a te  (120  
mg, 1 ,2  mmole) w ere  r e f lu x e d  i n  d ry  b en zen e  (5 0  m l) f o r  20 
h o u rs  on an  o i l  b a th  a t  1 1 0 ^ , The s o lv e n t  was c o n t in u a l ly  
d r i e d  by  p a s s a g e  th ro u g h  a  s o x h le t  c o n ta in in g  a n h y d ro u s  c a l ­
cium  c h l o r i d e .  The r e a c t i o n  m ix tu re  was f i l t e r e d ,  w ashed 
w ith  w a te r  (3 0  m l) ,  sod ium  b ic a r b o n a te  (5%, 30 m l) and  w a te r  
(3 0  m l) ,  d r i e d  o v e r  sodium  s u lp h a te  and e v a p o ra te d  to  y i e l d  
a  l i g h t  brow n o i l  (300  m g).
The p ro d u c t  was th e n  re d u c e d  w ith  sodium  b o ro h y d r id e  
(5 0  mg) i n  m e th a n o l (2 0  m l) and  th e  r e s u l t i n g  m ix tu re  (300 mg) 
s e p a r a te d  by prep,T LC  i n t o  f o u r  b a n d s ; A (19  mg, 7%); B 
(166  mg, 59%); C (4 7  mg, 17%) and  D (49  mg, 17% ),
Of th o s e ,  f r a c t i o n  A was a  com plex m ix tu re  o f  c le a v a g e  
p ro d u c ts  [ s e v e r a l  ECLs o f  <  1 0 .0  (DEGS], f r a c t i o n  G was m e th y l
* I n  a l l  s u b se q u e n t r e a c t i o n s ,  t h i s  p ro c e d u re  w i l l  b e  r e f e r r e d  
t o  a s  * o x id i s e d  i n  th e  u s u a l  w ay*,
-  172 -
1 2 - h y d r o x y s te a r a te  [ECLs (DEGS) o f  2 5 ,9  and 1 9 ,6  b e f o r e  and 
a f t e r  t r i m e t h y l s i l y l a t i o n ]  and  f r a c t i o n  D was i n v o l a t i l e  
p o l a r  m a t e r i a l  [TLC (P E 7 0 ), showed t h r e e  s p o ts  o f  low  
v a l u e ] ,
F r a c t io n  B ,
F r a c t io n  B h ad  ECLs o f  2 1 .3 ,  2 1 ,6 ,  and 2 1 ,9  (DEGS) and 
1 0 ,6  (A pL), The m ass sp e c tru m  i s  t a b u l a t e d  b e lo w .
m /e L m /e L m /e L m/o L
313 6 209 0 121 7 95 100
312 6 200 5 113 54 94 6/ \311 6 X5 1®'=' 5 111 0 93 19
281 8 196 5 109 17 91 20
269 21 195 31 107 12 87 33
242 7 155 75 90 0 85 13
237 10 149 7 97 24 04 14
227 31 135 9 96 14 03 46
2 . M ethy l 9 - h y d r o x y s t e a r a t e .
O x id a t io n  o f  t h i s  e s t e r  (310  m g), w ith  l e a d  t e t r a a c e t a t e  
(560  mg) and c a lc iu m  c a r b o n a te  (120  mg) i n  th e  u s u a l  way, 
a f f o r d e d  a  p ro d u c t  (3 1 0  m g), w h ich  was re d u c e d  w i th  sodium  
b o ro h y d r id e  t o  y i e l d  a m ix tu re  o f  e s t e r s  (300  m g).
Prep,TLC o f  th e  p ro d u c t  gave  th e  same f o u r  b a n d s : A (22
mg, 0%); B (164 mg, 60%); C (41 mg, 15%) and D (47  mg, 17% ).
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Of t h e s e ,  A w aa shown t o  be  c le a v a g e  p r o d u c ts ,  C to  foe 
m e th y l 9 - h y d r o x y s te a r a te  and  D to  be  p o l a r . m a t e r i a l ,
F r a c t io n  B .
F u r th e r  prep*TLC o f  B (d o u b le  d ev e lo p m en t FE12§) 
a f f o r d e d  two b a n d s :-  (7 0  mg, 47%) and  (79  mg, 53%).
h ad  ECLs (DEGS) o f  2 1 .3  and  2 1 .6  and a  s i m i l a r  m ass s p e c ­
tru m  t o  t h a t  o f  m e th y l 9 , 1 2 - o p o x y s te a r a te  ( p . 1 4 3 ) .  B^ had  
th e  same ECLs a s  and  i t s  m ass sp e c tru m  i s  t a b u l a t e d  b e lo w .
m/o k m /e i . m /p L m /e L
313 2 179 9 123 21 96 10
312 3 150 50 113 21 95 77
3X1 0 155 6 111 23 93 25
190 9 153 77 109 39 07 27
197 50 136 23 107 25 05 23
106 10 126 21 90 15 04 22
105 100 125 19 97 40 03 69
3 . M ethy l r i c i n o l e a t e .
C a s to r  e s t e r s  (310  mg) w ere o x id is e d  v /ith  l e a d  t e t r a ­
a c e t a t e  (560  mg) and c a lc iu m  c a r b o n a te  (120  mg) i n  th e  u s u a l  
w ay. Prop.TLC (PE30) g av e  th r o e  b a n d s ; -  A (34  mg, 13%);
B (182 mg, 70%) and C (44 mg, 17% ). A was shown to  b e  a 
m ix tu re  o f  m e th y l p a l m i t a t e ,  s t e a r a t e ,  o l e a t o ,  l i n o l e a t e  and  
l i n o l e n a t o ,  w h i l s t  C gave two s p o ts  o f  low  v a lu e  on TLC 
(P E 7 0 ).
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F r a c t io n  B .
B h ad  ECLs o f  1 8 .9  (20%) and  2 1 ,1  (00%) o n  DEGS, and
1 3 .2  (20%) and 1 4 ,5  (80%) on  ApL. The IR s p e c tru m  gave p eak s
"*1a t  1240 , 1020 and  970 cm and  th e  NI?ÎR sp e c tru m  showed s i g n a l s  
a t  0 .0 ? ,  5 ,5 5  and  5 ,6 5 ?  and  4 , 3-446?+
F r a c t io n  B (1 0 0  mg) was r e f lu x e d  f o r  20 m in u te s  w ith  d ry  
m e th a n o lic  sodium  m e th o x id e  (0 ,5% , 5 m l) .  A f t e r  e x t r a c t i o n  
w i th  e t h e r ,  t h e  p ro d u c t  B* (0 2  mg) was s e p a r a te d  by p rep .T IO  
(d o u b le  d ev e lo p m en t PE30) i n t o  two b a n d s ; -  B^ (1 3 .5  mg, 18%) 
and  B ’ (6 1 .5  mg, 02%).
Com ponent B *
had  ECLs o f  2 0 .3  (DEGS) and  1 2 ,8  (A pL ), The IR
-1s p e c tru m  showed a b s o r p t io n  a t  3600 , 3030 , 990 and  920 cm -,
Component B^ .
T h is  e s t e r  h ad  ECLs o f  2 3 .2  (DEGS) and  1 3 ,6  (A pL ).
The IR sp e c tru m  showed a b s o r p t io n  a t  3600 and 970 cm * and 
th e  NPAR sp e c tru m  gav e  s i g n a l s  a t  8 .6 8 ? (1 0 H ), 7 , 5 - 8 . 1 ? (4H ), 
6 ,4 ? (3 H ) , 6*1?(2H ) and  4 ,5 ? (2 H ) .  von R u d lo f f  o x id a t io n  
gave n o n a n e d io ic  a c id  o n ly ,
4 ,  M ethy l 9 H b .y d roxyoctadec-c i s -1 2 - e n o a te .
O x id a t io n  o f  t h i s  e s t e r  (310 mg) w ith  le a d  t e t r a a c e t a t e  
(560  mg) and  c a lc iu m  c a r b o n a te  (120  mg) i n  th e  u s u a l  way gave
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a p ro d u c t (297  mg) w h ich  was s e p a r a te d  by prep,T LC  (PESO) i n t o  
f o u r  b a n d s : -  A (31  mg, 14%); B (74  mg, 32%); C (63  mg, 28%) 
and  D (60  mg, 26% ),
F r a c t io n  B ,
B h ad  ECLs o f  2 6 ,0  (DEGS) and  2 0 ,1  (ApL) and  th e  KMR 
sp e c tru m  showed s i g n a l s  a t  8 , 0 5 ? , '^ 5 ,7 ?  and  * ^ 6 ,8 ? ,  B (50  
mg) was r e f lu x e d  w ith  d ry  m e th a n o lic  sodium  m e th o x id e  (0 ,6% ,
3 m l) f o r  20 m in u te s  and  th e  p ro d u c t  (41 mg) r e f lu x e d  f o r  3 
h o u rs  w ith  s i l v e r  o x id e  (5 0  mg) and  m eth y l io d id e  ( 1 ,5  m l) .
The p ro d u c t (40  mg) was p u r i f i e d  by prep,TLC  (PE40) and  r e s ­
u l t i n g  m e th y l e t h e r  (32  mg) h ad  an  ECL (DEGS) o f  2 2 , 
m ass sp e c tru m  i s  t a b u l a t e d  b e lo w .
I t s
m /e i . m /e 1 m/o 1 m /e I
311 10 199 13 153 9 111 0
310 10 187 35 150 14 110 7
279 6 186 6 149 16 109 15
272 19 105 47 141 6 108 6
271 100 102 11 137 6 107 6
214 9 170 11 136 6 101 7
210 18 167 10 135 7 99 11
201 6 156 0 129 10 90 6
200 6 155 70 123 6 97 16
F r a c t io n  C ,
F r a c t io n  C had ECLs o f 2 7 ,0  (DEGS) and  2 0 ,4 (A pL ), The
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sp e c tru m  showed a b s o r p t io n  a t  8 ,0 ? ,  ^ 5 . 3 ?  and  " ^ 6 ,4 ? ,
C (50  mg) was c o n v e r te d  t o  i t s  metho3iy d e r i v a t i v e  (31 mg) o n  
an  i d e n t i c a l  m anner t o  f r a c t i o n  B , The m e th y l e t h e r  h ad  an  
ECL (DEGS) o f  2 3 ,6  and  i t s  m ass sp e c tru m  i s  t a b u l a t e d  below *
m /e I m /e L m /e L m /e L
311 18 196 14 135 21 107 10
310 11 195 100 133 11 99 14
293 10 12 115 45 90 11
279 177 32 114 24 97 35
220 12 159 21 113 12 96 13
227 80 155 11 111 23 95 35
209 21 149 29 109 19 93 24
F r a c t io n  A .
F r a c t io n  A had  ECLs o f  2 1 ,3 ,  2 2 .0 ,  2 3 .0  (DEGS) and 10*6,
1 8 ,7 ,  1 8 ,9 ,  1 9 ,0  and  1 9 * 8 , H y d ro g e n a tio n  o f  A (10  mg) v /ith  
Pd/C (10  mg) i n  m e th an o l (1 0  m l) gave a p ro d u c t  w h ich  h ad  ECLs 
o f  1 8 ,0 ,  2 1 ,2  and  2 1 .6  (DEGS) and  1 0 .0  and 1 8 .6  (A pL ).
F r a c t i o n  D gave f o u r  s p o ts  o f  low  v a lu e  on  TLC (P E 7 0 ).
M ethy l 9 ,1 2 - d ih y d r o x y s t e a r a t e .
T h is  e s t e r  (320  mg) was o x id i s e d  w ith  le a d  t e t r a a c e t a t e  
( 1 ,1 2  g ) and  c a lc iu m  c a r b o n a te  (240  mg) i n  th e  u s u a l  w ay. The 
p ro d u c t  (320  mg) showed s e v e r a l  b ro a d  humps on a  GLC colum n 
and  TLC e x a m in a tio n  (PE80) gave se v e n  s p o t s .
-  177 -
O x id a t io n s  w i th  m e ta l o x id e -h a lo n o n  r e a g e n ts . ,
1 , R e a c t io n s  w ith  s i l v e r  o x id e  and  b rom ine
a# M ethy l 1 2 - h y d r o x y s te a r a te .
To a  s u s p e n s io n  o f  m o n o h y d ro x y e s te r  (310  mg, 1 m m ole), 
d ry  s i l v e r  o x id e  (1 g , 4 ,3  mmole) i n  n -h e x a n e  (5  m l) and ch lo ro*
form  ( 0 ,5  m l) ,  1 ,0  ml o f  a s to c k  s o lu t i o n  o f  b ro m in e  i n  n -
*  1 h ex an e  was added  i n  th e  d a rk  o v e r  2g h o u r s .  The m ix tu re
was th e n  s t i r r e d  i n  t h e  d a rk  f o r  a f u r t h e r  h o u rs  an d  th e  
m ix tu re  f i l t e r e d ,  w ashed w ith  sod ium  t h i o s u l p h a t e  (3 0  m l) ,  
sodium b ic a r b o n a te  (6%, 30 m l) ,  and  w a te r  (30  m l) ,  and  e v a p ­
o r a te d  t o  y i e l d  p ro d u c t  (270  m g). The t o t a l  p ro d u c t  was th e n  
re d u c e d  w ith  sodium  b o ro h y d r id o  <50 mg) i n  m e th an o l (1 0  m l) .  
Prep,TLC (PE25) o f  t h e  r e s u l t i n g  m ix tu re  (240  mg) gave 
f o u r  f r a c t i o n s : -  A (6  mg, 3%); B (106 mg, 51% ); C (33  mg, 
16%) and D (63  mg, 30%), The i d e n t i t y  o f  e a c h  f r a c t i o n  i s  
d i s c u s s e d  on  p ,  11 8 .
b .  M ethy l 9 - h y d r o x y s t e a r a t e ,
O x id a t io n  o f  t h i s  e s t e r  (310  mg) w ith  s i l v e r  o x id e ­
b ro m in e  and  r e d u c t io n  o f  t h e  p ro d u c t  gave a m ix tu re  o f  e s t e r s  
(260  mg) w hich  was s e p a r a t e d  b y  prop,TLC (d o u b le  d ev e lo p m en t 
PEI2J )  i n t o  f o u r  f r a c t i o n s : -  A (50  mg, 26%); B (62  mg, 27%);
* S to c k  s o l u t i o n  was p re p a re d  by d i s s o l v i n g  b ro m in e  (1 m l) i n  
n -h e x a n e  (10  m l) .  The s o l u t i o n  was s to r e d  i n  t h e  d a r k .
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C (44  mg, 19%) and  D (62  mg, 27% ), The i d e n t i t y  o f  oaoh f r a c ­
t i o n  i s  d is c u s s e d  on  p . 1 1 8 .
R e a c t io n s  v /ith  m e rc u r ic  o x id e - io d in e ,
a .  M ethy l 1 2 - h y d r o x y s te a r a te ,
The h y d r o x y e s te r  (310  mg, 1 m m ole), m e rc u r ic  o x id e  ( 1 ,3  
g , 6 ,0  mmole) and  io d in e  ( 2 .1  g , 1 2 ,6  mmole) w ere  s t i r r e d  f o r  
5 h o u rs  i n  c a rb o n  t e t r a c h l o r i d e  s o l u t i o n  (25  m l) ,  th e  s o lu t i o n  
b e in g  i r r a d i a t e d  w i th  a  500W tu n g s te n  lamp* The m ix tu re  was 
f i l t e r e d ,  w ashed w i th  sodium  t h i o s u l p h a t e  (5%, 20 m l) ,  sodium  
b ic a r b o n a te  (5%, 20 m l) and  w a te r  (20  m l) .  E v a p o ra t io n  o f  
th e  d r ie d  e t h e r  l a y e r s  y i e ld e d  p ro d u c t (340 m g). The p ro d u c t 
was t h e n  re d u c e d  w i th  sodium  b o ro h y d r id e  (50  mg) i n  m e th an o l 
(1 0  m l) and  th e  r e s u l t i n g  m ix tu re  o f  e s t e r s  s e p a r a te d  on 
s i l i c a  TLC i n t o  t h r e e  b a n d s : -  A (13  mg, 6%); B (62  mg, 30%) 
and  C (130 mg, 63% ). The i d e n t i t y  o f  e a c h  f r a c t i o n  i s  d i s ­
c u s s e d  on p .  1*9
b .  M ethy l 9 - h y d r o x y s te a r a t e .
A f t e r  o x id a t io n  w i th  m e rc u r ic  o x id e - io d in e  and  r e d u c t io n  
o f  th e  p ro d u c t  w ith  sodium  b o ro h y d r id e ,  th e  h y d r o x y e s te r  (310  
rag) gave a p ro d u c t  (2 6 7  mg) w hich  was s e p a r a te d  by prop,TLC 
(d o u b le  d ev e lo p m en t PE12J) i n t o  f o u r  b an d s  ; -  A (16 mg,
B (30  rag, 17%; C (34  mg, 15%) and  D (164 mg, 61% ). The
-  179 -
i d e n t i t y  o f  eac h  f r a c t i o n  i s  d is c u s s e d  on  p .  118*
O x id a tio n  o f  m e th y l 1 2 - h y d r o x y s te a r a te  w i th  m e rc u r ic  o x id e -  
io d in e  i n  t h e  d a r k .
M eth y l 1 2 - h y d r o x y s te a r a te  (310  mg) was r e f lu x e d  w i th  
m e rc u r ic  o x id e  ( 1 ,3  g ) and  io d in e  ( 2 ,1  g ) i n  c a rb o n  t e t r a ­
c h l o r id e  i n  t h e  d a rk  f o r  5 h o u r s .  Prep.TLC (PE40) o f  th e  
p ro d u c t  (300  mg) y i e ld e d  t h r e e  b a n d s : -  A (186 mg, 60%) B
(7 9  mg, 29%) and C (0  mg, 3%).
Of t h e s e ,  f r a c t i o n  A h ad  an  ECL o f  2 4 ,9  (DEGS) and  
f r a c t i o n  B an  ECL on th e  same p h a se  o f  2 5 .9 .
3 . M ethy l 9 ,1 2 - d lh y d r o x y s t e a r a t e .
O x id a t io n  o f  t h i s  e s t e r  (3 2 0  mg) w ith  e i t h e r  m e ta l  oxlde* 
h a lo g e n  r e a g e n t  gave  a d a rk  brow n o i l  (300  mg) w h ich  showed
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